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S. D. BHARTI 



S. D. BHARTI 

A two day 
symposium, Water: 
challenges and 
Solutions, was 
organized by 
Centre for Media 
Research & 
Development 
( C M R D ) in 
association Indian 
Wat e r Works 
Association 
(IWWA)on 29 th & 30 th Sept. 2007 at Bhagwat 
Singh Mehta Auditorium, HCM RIPA 
(OTS), Jaipur. The symposium was 
supported by UNICEF, Dept. of Water 
Resource GOR & Municipal Corporation 
Jaipur. The conference was able to underline 
the importance of water in life & the role of 
people to manage this precious resource with 
special reference to Rajasthan. The program 
was divided in four technical session (copy of 
the program enclosed). In all more than two 
hundred delegates attended the deliberations 
(list enclosed) moreover, delegates from 
Gujarat, Maharashtra, Delhi and Haryana 
also participated. 

The symposium was inaugurated 
by renowned social thinker and statesman 
sh. Mahesh Sharma. He expressed that we 
are lucky to have perennial rivers originating 
from the mighty Himalayas, despite that our 
forefathers gave divine place to our rivers. 
Today the entire world is facing water 
problems, son under such circumstances it is 
our moral responsibility to teach the world 
the philosophy of common good. Presiding 
over the function sh. Shree Padre, a 
renowned social activist & Journalist from 
Kerala, underlined the work done for water 
management in Rajasthan by traditional 
methods. However, he urged 
the need to extend it further so as to reach to 
everyone and to create a water culture. For 
this a strong role for the "water journalism" 
was realized. 

The symposium was organized in 
four sessions. The first session was jointly 
chaired by Sh. Ratan Singh, CE, PHED, 
Rajasthan and Prof. Y.P. Mathur, Dept. of 
Civil Engg. MNIT Jaipur. The key note 




lecture was delivered by Dr. M. S. Rathore, 
Institute of Development Studies, Jaipur, Dr. 
Rathore spoke about the anachronistic 
nature of our water laws which are now out 
of context as well. He emphasized the need 
to give predominant role to the people for 
sustainable water management. Second 
speaker of the session, Sh. C. M. Tejawat, 
Command Area Development (CAD), Kota, 
underlined the vital role of participatory 
irrigation management as more than eighty 
five percent of water consumption is in the 
agriculture sector. He also spoke about the 
need to train the cultivators for practicing 
cultivation under water scarcity. Third 
speaker of the session, Sh. Damodar 
Sharma, DG, Indira Gandhi Panchayati Raj 
Sansthan, Jaipur, gave interesting 
information about Water shed Development 
programs and its significant contribution 
water soil and water conservation eventual 
leading to social and economic status of 
cultivators. Fourth speaker, Shashtri 
Koselendra Das, JNU Delhi, described the 
divine description of water in Sanskrit 
literature and need to bring it to the 
knowledge of everyone. Another Speaker, 
Sh. Hemant Joshi, director, CCDU, 
emphasized the role of sanitation and the 
strong need to give due importance to it for 
proper hygienic environment. Sh. Mahesh 
Panpalia of Dhara Sanstahn, told to the 



Panpalia of Dhara Sanstahn, told to the 
audience about the work done by their 
organization in Bharmer for water 
conservation. In the end, session summary 
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was presented by Sh. Ratan Singh, he also 
told about various governmental efforts to 
ensure safe drinking water to all despite 
diverse and adverse conditions prevailing in 
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the state. 

Indira Gandhi Panchayati Raj Sansthan, 
Jaipur, gave interesting information about 
Water shed Development programs and its 
significant contribution water soil and water 
conservation eventual leading to social and 
economic status of cultivators. Fourth 
speaker, Ratan Singh, he also told about 
various governmental efforts to ensure safe 
drinking water to all despite diverse and 
adverse conditions prevailing in the state. 
Shashtri Koselendra Das, JNU Delhi, 
described the divine description of water in 
Sanskrit literature and need to bring it to the 
knowledge of everyone. Another Speaker, 
Sh. Hemant Joshi, director, CCDU, 
emphasized the role of sanitation and the 
strong need to give due importance to it for 
proper hygienic environment. Sh. Mahesh 
Panpalia of Dhara Sanstahn, told to the 
audience about the work done by their 
organization in Bharmer for water 
conservation. In the end, session summary 
was presented by Sh. Ratan Singh, he also 
told about various governmental efforts to 
ensure safe drinking water to all despite 
diverse and adverse conditions prevailing in 
the state. 

The second technical session was 
chaired by Prof. Damodar Sharma, vice 
chancellor, Rajasthan Technological 
University, Kota, Prof. Y. P. Mathur, Dept. 
of Civil Engg. MNIT Jaipur, delivered the 
keynote speech, he underlined the 
significant role of ground water recharge 
and strong need to develop and use cost 
economic techniques of ground water 
recharge. Second speaker of the session, Dr. 
D. D. Ojha emphasized the need to add 
water as a teaching subject in the regular 
curriculum for generating awareness. Prof. 
K. K. Sharma of Ajmer University 
mentioned about the huge wastage of water 



2 Water Challenges & Solution 



in industry and laboratories, he showed the 
techniques of water saving in Industry. Sh. 
L. N. Mathur of Rajasthan Ground Water 
Department opined about the imminent 
dangers of fast depleting ground water table 
in Rajasthan. He showed the viable 
techniques of ground recharge with 
reference to Jaipur. In the end session 
summary was presented by the session 
chairperson. In the evening a magnificent 
cultural evening was organized followed by 
sumptuous dinner. 

fast depleting ground water table in 
Rajasthan. He showed the viable techniques 
of ground recharge with reference to Jaipur. 
In the end session summary was presented 
by the session chairperson. In the evening a 
magnificent cultural evening was organized 
followed by sumptuous dinner. 

First session of day two was jointly 
chaired by Prof Manohar Kalra, vice 
chancellor, Kota University, Sh. Rajendra 
singh, well known water activist and 
Magasaysay awardee and Advocate 
Aruneshwer Gupta, additional advocate 
general of Rajasthan. Delivering the key 
note speech, Sh. Singh talked about the 
present day challengers of water that 
includes- corporatization of water, 
diminishing role of people and dominant 
role played by the State leading to dangerous 
consequences. He emphasized the need to 
look towards our traditional methods of 
water management and dominant role to the 
people for everlasting development. 
Another speaker Sh. R. M. Mathur of 
Irrigation department, briefed about the 
overall water resources scenario in 
Rajasthan and various governmental efforts 
to augment the water availability. He opined 
the limited usefulness of people's 
participation for only small scale and 
indispensability of State for larger schemes 



for the overall benefit of the people. Further, 
Sh. O. P. Mathur, an agronomist by 
profession, gave a live and practical example 
of roof top water harvesting practiced, and 
also urged the indispensability as well 
feasibility of roof top water harvesting in 
urban environments. Dr. Ajay Verma of R. 
R. College Alwar, underlined the role of 
religion to keep the water clean, silmilarly, 
Prof. K. K. Shukla, advised to alter various 
ritual in order to keep the water clean and 
free from pollution. 

harvesting practiced, and also urged the 
indispensability as well feasibility of roof 
top water harvesting in urban environments. 
Dr. Ajay Verma of R. R. College Alwar, 
underlined the role of religion to keep the 
water clean, silmilarly, Prof. K. K. Shukla, 
advised to alter various ritual in order to 
keep the water clean and free from pollution. 

Second session of day two was 
chaired by Dr. Bharat Patak of Deen Dayal 
Research Institute, New Delhi. Delivering 
the key note talk Sh. Aruneshwer, spoke 
about the complex nature of inter-state- 
water disputes and the constitutional and 
legal position on the matters putting things 
in historical perspective. Dr. Vinita Gupta of 
Delhi University, talked about the efforts 
undertaken by women for water 
conservation and drudgery suffered by 
women folk in rural India to fetch water. Sh. 
Subhash Sharma, Yavatmal (Maharastra) 
gave the practical and live example (through 
pictures) of water conservation practices 
followed by him with great success in the dry 
regions of Maharastra. Sh. Mayank Misra 
of of Gram Chetna Kendra told about the 
efforts undertaken by their organization for 
water conservation. In the end of the session 
a lively panel discussion cum open session 
was organized, which was anchored by Prof. 
Kalra, vice chancellor, Kota University. The 
panelist unanimously agreed to give 
predominant role to the people for 
sustainable water management and a strong 
need to adopt location specific cultivation 
practices. The panelist gave answers to 
various complex questions raised by the 
audience in a candid manner. 

In the end the valedictory session 
was held with renowned social thinker sh. 
Govind Acharya as the main speaker. Sh. 
Govind ji, in his characteristic style talked 
about the limitation of State apparatus and 
huge utility of social apparatus to handle the 
issue of water. He also warned about the 
dangers of commercialization of water in 
the emerging market place and diminishing 
role of social institutions. ■ 

*(Author is Co-ordinator of this programe) 
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Rainwater Harvesting 

THE ONLY SUSTAINABLE SOLUTION TO WATER SCARCITY 



SHREE PADRE 



SHREE PADRE 




Though 
there is 
relatively good 
rainfall in 
many parts of 
our country, we 
are facing 
water scarcity 
Instead of 
counting the 
water-scarce areas, it is easier to 
count areas where there is no water 
problem. In Chirrapunji in north- 
east that enjoys highest rainfall - 
12,000 mm - in the country, water 
trading takes place in summer. 

Our country has a great 
tradition of water conservation and 
rainwater harvesting. Even before 
Jesus Christ was born, there were 
examples of Rain water harvesting. 
Go to any part of the country, 
including the deserts of Rajasthan, 
our ancestors had built unique 
traditional water conservation 
systems. Unfortunately, many of 
them aren't still well-documented. 
We in India have enough examples 
and knowledge to teach water 
conservation to all the third world 
countries. 

Take any religion in our 
country .... Hinduism, Sikhism, 
Buddhism and Islam etc. The holy 
texts of all these religions have held 
water with great respect. They 
describe it as sacred. But how we, the 
followers of these religions are 
treating water? We throw all our 
industrial wastes, human excreta etc 




Rain water harvesting 
is just like operating 
your bank account. 
If you deposit 
the rainwater 
in mother earth's 
bank in monsoon, 

it acts like 
ATM in summer. 



into the rivers and water bodies and 
think ourselves as wise. But we 
shouldn't forget that the very same 
jeevjal can turn mruthyuvahak, the 
agent of death, if we abuse it. There 
are many many examples in this 
country to illustrate this. 

Rain is the primary or is the 
only source of water for most of the 
country. Earth is only a vessel. Even 
if there are good rains, it need not 
necessarily mean that there would be 
water till summer end. The moot 
question is: where has all the 
rainwater gone? The crux of the 
problem is that most of the rainwater 
runs to the sea even before fulfilling 
many of our needs. 

As a result, we have to start 
looking up the sky in February or 
March itself. Reality is that the next 
supply of water, the monsoon can 



start only in June next. 

If rainwater has to percolate 
into the land, our water-vessel, there 
should be some barriers. In good 
olden days, the forests and 
Traditional Water Conservation 
Systems were performing this 
function silently. Since we have 
destroyed most of these, today, we 
ourselves have to consciously put 
rainwater into the mother earth's 
womb. 

Rainwater harvesting is the 
only sustainable solution for water 
scarcity. Digging more bore wells, 
constructing big dams like the one at 
Narmada or river linking, river 
diversions aren't. Rain water 
harvesting is just like operating your 
ban account. If you deposit the 
rainwater in mother earth's bank in 
monsoon, it acts like ATM in 
summer. 
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If you carefully look back in the country, one main factor is noticeable in all our RWH success stories. 
Wherever water sustainability is achieved, it is only be self-help or People's participation. 
Wherever people carry out ( paani ka kaarn' front heart, the results are always good and long-lasting. 



There is a universally 
accepted golden rule of Rainwater 
Harvesting. 'Catch rain where it 
falls'. This is also known as in-situ 
Rainwater Harvesting. There are 
many advantages in following this 
rule. First and foremost, even poor 
people can afford to harvest rain. 
There is no necessity of bringing 
inputs like steel or cement from the 
cities. 

On the other hand, if we try 
to catch rain after it flows quite a 
distance, we need more efforts. That 
means, we need cement, more 
money and require the help of 
engineers, help from administration 
etc. 

Another root cause for our 
water scarcity is that we don't learn to 
calculate water, to understand the 
mathematics of water and its annual 
cycle. It is said wherever people treat 
rain as a headache, there will be 
water shortage. Rain is a great 
wealth. The rain that falls on our 
roofs and land today is our drinking 
water next year. We never care to 
calculate our expenditure - the water 
we use - and our income - the rain we 
get. Increasing the rainfall is not in our 
hands. But using all the water that falls 
on our land very carefully is in our 
control. Dr. Rajendra Singh who has 
done outstanding work in watershed 



development here in Rajasthan 
suggests to use water a 'poor man's 
ghee.' 

Generally, everybody 
complains about lesser rains. One 
question we never have posed so far is 
this: 'How much is the minimum rain 
required to run our lives smoothly?" In 
Khandwa, Madhya Pradesh, they did 
an a study years ago. With the 
participation of local people, they drew 
a water budget. In the rural areas, there 
were only three heads of water 
consumption. For domestic use, for 
livestock and for agriculture. The 
annual rainfall there, as per records is 
800 mm. They were surprised to note 
that if only 16% of these rains get 
percolated in the earth, their 
requirements would be met. But there 
are variations in rainfall. Whenever 
they get 500 to 600 mm, they required 
25%. 

Well, this is paper calculation. 
They wanted to crosscheck it. In some 
selected areas, they went for what they 
called as 'total water harvesting.' In 
simple terms, they didn't allow the 
rainwater to run beyond 10 metres. 
Before that one or the other RWH 
structure would catch it. In areas 
wherever they carried out this 
experiment, within one year, they 
could bid good-bye to water tankers. 

An important lesson in RWH 



is to give enough opportunity time for 
the rain to percolate. In a similar way, 
we should give sufficient time for 
communities to be convinced about this 
concept. In our country, there are 
enough lessons and success stories of 
RWH. The greatest challenge lies in 
creating awareness among people 
towards self help and in melting their 
mental blocks. 

I would compare he process of 
community RWH to that of repainting 
a car. The actual painting process takes 
only few hours. But if that job has to be 
effective, one has to slog for days 
carrying out patch work, tinkering, 
leveling, etc. 

Second important aspect to be 
noted is that RWH demands site- 
specific or location specific solutions. 
What is proved to be successful in 
Tamilnadu need not be so for 
Rajasthan. What is done in 'As farm, if 
copied in the same way in 'B's farm too, 
need not necessarily yield fruits. 

If you carefully look back in 
the country, one main factor is 
noticeable in all our RWH success 
stories. Wherever water sustainability 
is achieved, it is only be self-help or 
People's participation. Wherever 
people carry out 'paani ka kaam' from 
heart, the results are always good and 
long-lasting. 

We shouldn't forget that we 
can not conserve only water in the 
nature. The cement or plastic jars are 
very limited. The biggest and cheap 
water vessel we have is the mother 
earth. So, if we have to save water, we 
have to save topsoil and forests too. 
There is an inseparable linkage 
between jal, jameen and jungle. 

We should try to understand 
similar linkages water has with 
different aspects of human life. Say for 
example, one can impassionately say 
that 'groundwater level is decreasing by 
two feet every year.' But if you care to 
go to further depths you will learn 
more. The open wells might have gone 
dry. The monoblock pumps turn futile 
as bore wells and submersible pumps 
are required. Poor farmers in such a 
situation can't compete with the rich 
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and have to migrate subsequently. 

Slowly the 'water market' 
starts raising its head, throwing all the 
human values to the air. With more 
and more bore wells going deeper and 
deeper quality of potable water suffers. 
Pumping costs raise up. Rabi crop 
turns to be dream. A new expenditure 
head for buying tanker water opens up 
even for poorest people, if they have o 
make a living. 

Rajasthan has many lessons 
on water for the whole country. The 
way in which villagers in western 
Rajasthan live, I'm told, is a great 
lesson on water conservation. I would 
like to cite three very inspiring success 
stories your state has achieved. The 
first, Tarun Bharath Sangh, under the 
leadership of Dr.Rajendra Singh was 
able to give rebirth to five rivers, 
probably first time in the history. This 
was possible by rejuvenating the 
traditional johads and other 
waterworks of local communities. 
Second is the drought-proofing success 
of Lapodiya under Shri Lakshman 
Singh and his Gram Vikas Navyuvak 
Mandal Lapodiya. Even with an 
average of successive 300 to 450 mm of 
rainfall, they are leading a normal life 
by farming and animal husbandry, 
thanks to Shri Lakshman Singh's 
organisation skills, unique chauka 
system of soil and water conservation 
and the Ghir cattle. The third and 
recent enviable success is making the 
17 km Nanduwali river in Ramghad 
block of Alwar district to flow again 
after two decades gap. This was a 
community action in which the local 
poor people have paid around 14 lakh 
rupees out of the total programme 
expenditure of 32 lakh Rs. This 
achievement by Shri Farhad 
Contractor and his organisation 
Sambhaav who are working with 
people has opened a fresh door of hope 
for all of us. 

Students of water 
conservation should read two classics 
written by Shri Anupam Mishra - 
'Rajasthan ki rajat boonein' and Ab 
bhi Khade hain talab'. Mishraji has 
held window to the wonderful 



understanding of soil 
and water villagers in 
Rajasthan still have - a 
subject totally forgotten 
or not understood by 
our early historians. 

We are running 
an unique farm monthly 
in Kannada, Adike 
Patrike since 20 years. 
Ours is the pioneering 
media effort to create 
mass awareness about 
RWH in Karnataka. 
When we started this in 
1996, there were no 
success stories around. In other words, 
seeds of RWH were not available in our 
state. We got seeds from your 
Rajasthan, Gujarat and other severe 
drought-hit states and sowed it in the 
minds of our readers. After a decade, 
these seeds have grown into success 
stories in our areas. Now there are 
farmers who have revived streams, who 
have bid good-bye to their decades old 
water scarcity etc, all by self-help. We 
are really indebted to our brethern here 
in Rajasthan who have shown us he 
way. 

Recently a Swiss gentleman, 
Toni Ruttiman visited our state. 
Though not an engineer, so far he has 
constructed 363 hanging bridges in 
Cambodia, Ecuador, Laos and 
Vietnam etc to help the war and earth- 
quake victims without taking a penny. 
Each participating family has to give a 
bag of cement and labour. The bridges 
don't carry a name, board or logo of 
any institution. They are people's 
bridges. They themselves inaugurate 
it.", points out Toni, " whoever builds a 
bridge with his own hands, is not the 
same person anymore." People's 
participation inculcates a great sense of 
possibility, confidence and self-reliance 
in communities. That is what is most 
needed at the moment than 
government subsidies and ADB and 
World Bank loans. Toni had a question 
to me when I spoke to him. "Do you 
think building such bridges is possible 
anywhere in your country?" he asked. 



Let us at least groom a more responsible 
tomorrow's generation, these subjects are 
brought in the curriculum. Water conservation 
related activities have to be encouraged at 
school level. 




"People's minds are polluted with 
subsidies and petty politics. A state that 
has very conducive atmosphere for 
such self-help is Rajasthan", I replied 
Toni, "where by community efforts 
alone they are successful in making 
their lifeline - the river - to flow again. " 

Respected inaugarator of 
today's function Shri Mahesh Sharma 
was wishing that Bhageeraths have to 
take avatar for saving our people from 
water crisis. May I point out that you 
already have many in this state and 
what is left to us is to go there to see the 
work, understand the principles and to 
follow the same? Unfortunately, there 
is lot of communication gap. So much 
so that these good and inspiring 
achievements haven't reached many 
people who really matter in the State. 

I am always insisting that 
subjects like RWH, sustainable farming 
and sustainable living should be 
incorporated in school syllabus. Elders 
don't seem to take such things seriously. 
Let us at least groom a more 
responsible tomorrow's generation. It's 
not suffice if these subjects are brought 
in the curriculum. Water conservation 
related activities have to be encouraged 
at school level. Our neighbor, 
Bangladesh, where arsenic problem in 
water is playing havoc with the lives of 
people, they have introduced these 
subjects in school syllabus in a very 
effective way. Why can't we? g 

*(Author is Known as Waterman of India) 
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Recycling Water 

A low cost automated recycling distillation technique saves gallons of water and gives better results 




K K SHARMA 



Glass 
distillation is 
commonly 
used in almost 
all the 
laboratories all 
over the world 
for preparation 
of distilled 
water , plant 
extraction and in many 
pharmaceutical processes. In the 
process of distillation vapors passing 
through the condenser tube are cooled 
and condensed by water flowing 
through condenser tube in the 
condenser unit of the apparatus. In 
almost all laboratories the water used 
for cooling the condenser tube is 
coming from the water supply tap near 
the wash basin. The precious water 
after circulating through the condenser 
tube is left into the drain as wastewater. 
It has been observed that about 40 liters 
of water is required for cooling for 
making 500 ml of distilled water. The 
water after cooling is generally left to 
go into the drain. 

In a simple biological science 
laboratory about 2.5 liter of distilled 
water is used in a day which is a modest 
consumption. Approximately 200 
liter water is required in cooling unit of 
distillation plant for this purpose. If 
this requirement is calculated for 25 
working days in a month, the quantity 
of water wasted by one user in a month 
comes to about 5000 liters. In a big 
research laboratory or a unit of an 
institution or in a small industry where 
nearly 100 users are there, the amount 
of water wasted for cooling the 
condenser unit is estimated about 



technique not only saves gallons of 
water but also produce better results as 
far as condensation of vapors is 



5,00,000 liters in a month .This is a big 
loss of potable water. In the present 
scenario of severe scarcity of drinking 
water all over 
the globe, we 
can not afford to 
waste such a 
large quantity of 
water during the 
process of 
distillation. Due 
to uncontrolled 
use and removal 
of ground water 
and insufficient 
rains in many 
parts of the 
world water is 
becoming day 
by day as an 
important 
natural 
resources. To 
overcome this 
problem of 
water loss in 
cooling during 
distillation 
Sharma (2004) 
invented a 
technique called 
recycling 
distillation 
technique in 
which water 
from the outlet 
tube of 
condenser Unit 
is collected , 
cooled and re 
circulated again 
in the condenser 
unit. The 



Almost all laboratories the water used for cooling the condenser tube is coming from 
the water supply tap near the wash basin. The precious water after circulating through 
the condenser tube is left into the drain as wastewater. It has been observed that about 
40 liters of water is required for cooling for making 500 ml. of distilled water. 
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Advantages of Condenser water recycling Technique 



i) The first and most advantageous 
aspect of his technique is to 
prevent waste of a precious 
natural resource particularly in 
those places where natural 
water supply is going down 
every year and drinking water is 
not available to meet out the 
supply of human beings. 

(ii) The second advantage is that user 
is not dependent on tap water 
supply for cooling in condenser 
unit as in many laboratories 
particularly during summers tap 
water supply may not be 
available regularly and if water 
stops going to condenser tube 
through the tap it may over heat 



concerned. 

The technique is based on a 
simple principle that is recycling 
water in condenser Unit. 
Sharma(2004) made some 
modifications in the existing 
distillation technique by introducing a 
collection, cooling and pumping 
devices to recycle water in the 
condenser tube again and again. The 
technique is low cost and very effective 
(fig. 1). The water was cooled first by a 
simple indigenous cooling technique 
before it was allowed to enter again in 
condenser unit (recycling). Cooling 
technique involved collecting water 
from the outlet tube of the condenser 
unit in an earthen pot of about 50 litre 
capacity put on a cement container 
filled with wet sand. Once the water is 
filled in the earthen pot about 3 A of its 
capacity from the condenser unit it 
gets cooled. Then it is lifted to a 
reservoir tank of about 60 litre 
capacity placed at a height of 4 feet 
from the earthen pot, with the help of a 
small submersible motor placed in the 
earthen pot.( fig. 1). The water lifting 
system has been made automatic by 
connecting an automatic water level 
controller with two relays in series. 
This has mad the recycler fully 
automatic means whenever water level 
reaches to a definite height in the 



the condenser unit and can 
damage it. 

(iii) Third advantage is that, during 
summers, tap water coming from 
the regular supply from overhead 
tank is very hot and it fails to 
cause effective cooling in 
condenser tube. This reduces 
speed of distillation. Since water 
collected in earthen pot place on 
moist soil filled in cement 
container, gets cooled before it is 
lifted to he condenser unit, the 
speed of condensation is 
enhanced even in summer 
months. 

(iv) After attachment of recycling 



earthen pot, the submersible motor 
switches on automatically by the water 
level controller. Reservoir tank can be 
used as plastic or earthen material 
depending on convenience. Cooling is 
more effective if reservoir tank is also 
an earthen pot. By this method hot 
water coming from condenser tube 
cool down in the earthen pot before it is 
lifted by submersible motor tank. The 
process of recycling water in the 
condenser tube goes on continuously 
and automatically. 

This technique saves gallons 
of water of condenser cooling unit 
which otherwise go waste in the drain 
pipe. There is no effect in the quality of 
distilled water because cooling water in 
the condenser unit never comes in 
contact with water vapors. For a small 
distilled water apparatus (2-5 litre 
capacity flask) about 50 litrs water 
initially filled in he reservoir tank for 
cooling the condenser unit can be used 
again and again for years by recycling 
it. 

One of the advantages of this 
design is that existing distillation 
apparatus can be used for the 
installation of recycling unit and the 
total cost involved for this purpose 
comes to about Rs.300/- The 
technique is so simple that any user 
can install it with the existing 
distillation unit without any problem.. 



unit with condenser tube it is not 
needed to prepare distilled water 
near wash basin/ sink or drain 
pipe. The modified distillation 
apparatus can be placed in any 
room without tap water supply 
or sink/ wash basin or drain pipe. 
(v)With this technique now it is 
possible to do low boiling liquid 
based plant extraction such as 
ether and other similar processes 
by supplying pre cooled water to 
the condenser unit.(vi) Since 
efficiency of the system is 
enhanced, the modified 
technique saves lot of electrical 
energy also. 

) 

Another important application of this 
technique is that the distillation 
apparatus can be placed any where in 
he laboratory because this system does 
not require water supply from a tap of 
washbasin. Such water condenser 
water recycling device can also be 
attached to other plants/units such as 
distilleries, pharmaceutical industries 
etc where water is left in drain pipes 
after cooling the condenser unit. 

The user can modify this 
technique as per the requirement for 
example connecting cooling earthen 
pot in series or connecting more than 
one distillation units with one recycling 
unit or fast cooling water in the earthen 
pot using ice cubes. Many researchers 
have found that by controlled cooling 
of circulating water by adding ice cubes 
in the earthen pot it has become 
possible to do low boiling liquids based 
plant extraction such as ether and other 
similar processes. According to them 
this was not possible earlier because 
water from the plastic tanks placed in 
open at the roof of building used to get 
very hot particularly during the 
summers. This used to decrease 
efficiency during the condensation. ■ 



*(Author is Professor in Department 
of Zoology, M. D. S. University, 
Ajmer, Rajasthan) 
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PIM In Rajasathan 

STATUS AND STRATEGIES 




C.M.TEJAWAT 

I n the 
state of 
Rajasthan 
(India), as in 
many other 
states, 
Participatory 
Irrigation 
Management in 
different forms 
and using 
different models has been tried since 
last 20 year and or so. To provide legal 
support to the Farmers Organisation 
for the farmers' participation in 
management of irrigation systems in 
the state of Rajasthan an act titled The 
Rajasthan Farmers' Participation in 
Management of Irrigation Systems 
Act, 2000 has been enacted along- with 




the rules (2002). The paper describes 
some of the important aspects of the 
legal framework and support provided 
to Farmers' Organizations for their 
sustainability. Out of the total 
irrigation potential created in the state 
which is about 3.2 million ha, about 
850 Farmers Organizations have been 
so far constituted covering about 0.85 
million ha irrigated area. As per 
guiding principles of state water policy 
and looking to the quite exciting 
experiences in the state it is planned to 
implement Participatory Irrigation 
Management in the remaining 
irrigation projects in near future. State 
has adopted slow & steady approach 
for transfer of irrigation system to 
beneficiaries instead of a bing-bang 
approach. The paper describes the 
status, policies and strategy to transfer 
the management of irrigation system 



to the users in the Rajasthan, which is 
the biggest state in the India. 

Necessity of Farmers Participation 

After independence large-scale 
construction of Irrigation projects 
under successive plans were taken up 
thereby increasing the irrigation 
potential of the Rajasthan from 0.40 
million ha in 1951 to about 3.2 million 
ha at present. Due to several reasons 
created potential is not being utilised 
properly & large area remains un- 
irrigated which a water deficient state 
like Rajasthan can not afford which is 
of size of 10.4% of the country's area 
having only 1.16% of the country's 
surface water resource. 

The annual revenue realised 
from water charges is very less as 
compared to the non-plan expenditure 
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on Irrigation Organisation including 
establishment & interest on capital 
outlay. The state can hardly afford 
such heavy subsidy on irrigation 
sector. It is also clear that the State 
cannot find funds needed for the 
maintenance of the irrigation systems. 

Due to inadequacy of 
maintenance funds & lack of proper 
practices of water management, the 
condition of the existing irrigation 
systems is going from bad to worse 
successively. Due to poor water 
management, the area in the 
command of irrigation projects is 
becoming increasingly waterlogged & 
saline & going out of cultivation. 

In the irrigation projects 
constructed in successive plans, the 
construction above the canal outlets 
received attention whereas the design, 
construction & maintenance of 
irrigation system below the outlet did 
not receive proper attention except on 
some of the projects. This has caused 
lot of problems of over-outletting from 
canals, inefficient water use & wastage 
of precious water. 

The Irrigation Systems are 
more administered than managed. 
Water users have no participation in 
administration of the Systems. They 
mostly depend on the irrigation 
agency for water supplies. A farmer is 
concerned with timeliness, adequate 
quantity & regularity of water supply 
to his field and advance information of 
the same to him. There is no incentive 
for economy in water & no deterrent 
against over-uses. This is not reflected 
even in the water rates, which are not 
on volumetric basis but on area basis. 
Canal offences & defaults being in 
excessively large numbers are hardly 
possible to be properly dealt with. 

The above contributory 
factors have created under-performing 
irrigation systems, devoid of equity in 
water distribution between head & 
tails, strongly entrenched interests of 
those farmers who have opportunity to 
have excessive water supply at the cost 
of those who thus do not receive 
adequate supplies. Irrigation infra- 
structure is having widespread 
deterioration. Service to the farmers is 
poor & marked by insensitivity. 
Agriculture production per unit of 



water & per unit of area is low. 

There is thus an obvious need 
for paradigm shift, involving farmers 
in the management of irrigation 
system as a partner. It is experienced 
that when farmers participation is 
taken in the management of irrigation 
systems they have comparative 
advantages of: 

(i) Having better local knowledge of 
problems / fellow irrigators/ 
farmers' needs & irrigation 
problems. 

(ii) Having direct incentive to 
manage the system in productive 
manner, 

(iii) Better on-the-ground presence 
than even the most dedicated 
agency staff, 

(iv) Farmers greatly out number the 
irrigation agency staff & their 
properly harnessed management 
potential far exceeds the 
management potential of the 
irrigation agency. 

(v) Improved design construction, 
Operation & Management. 

(vi) Lower costs to Govt. 

( vii) Organis ed farmers for 
management of irrigation 
systemsconstitutes a social 
capital, which can have many 
off-spin advantages 

Concept of PIM 

Participatory Irrigation 
Management refers to involvement of 
water users in all aspects of irrigation 
management at all levels. "All 
Aspects" means initial planning, 
design construction, extension, 
improvement, renovation/ 
modernisation, operation, 
maintenance, revenue assessment & 
recovery, supervision, financing, 
decision, rules, monitoring & 
evaluation. "All levels" means full 
physical limits of the irrigation system 
viz. quaternary, tertiary, secondary, 
main, project & sector levels as well as 
from lowest level function to the 
highest-level function including setting 
of policies. The participatory 
mechanism will include information 
sharing, consultations, joint 



assessment, shared decision making, 
collaboration & empowerment of the 
water users. Farmers' participation can 
be involved by formation of Farmers 
Organisations (FOs) like Water Users 
Associations (WUAs), Distributory 
Committee and Project Committees. 

PIM- EXPERIENCES 

In the state of Rajasthan (India), 
as in many other states, Participatory 
Irrigation Management in different 
forms and using different models has 
been tried since last 20-30 years. 

1 .TheCommunity Lift Irrigation 
Schemes (CLI) introduced in the early 
1980s, focused mainly on lifting water 
from a suitable surface water source 
and its distribution through gravity 
flow to members of the community. 
After construction (with minimum 
10% farmers contribution), these 
schemes were transferred to the WUAs 
for operation & maintenance. 

2. The Irrigation Department 
and Irrigation Management & 
Training Institute, Kota with the help 
of USAID and Colarado University 
introduced four pilot WUAs in the 
1980s in the Guda irrigation Project in 
Bundi District. The main objective of 
establishing WUAs was to involve 
farmers in irrigation canal 
management. 

3. Command Area 
Development (CAD) programme was 
launched in the state during 1974 and 
Catchment Committees were 
established to promote a partnership 
between farmers and CAD officers for 
On Farm Development (OFD) works. 
Chack (area irrigated by single outlet) 
committees were also established to 
develop partnership between farmers 
and engineers to achieve two 
important PIM principles, namely to 
increase awareness among farmers 
about OFD, and to obtain farmers' 
support in checking the quality of 
physical works associated with OFD. . 

4. The Government of 
Rajasthan with the assistance of the 
World Bank launched a pilot program 
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Due to poor water management, the area in the command of irrigation 
projects is becoming increasingly waterlogged & saline & going 

out of cultivation. 



in 1992 under the Rajasthan 
Agricultural development Project 
(ADP) to transfer water distribution 
management to water users. Six 
irrigation projects, 2 minors each from 
a major and a medium project and two 
minor irrigation systems were selected 
as pilot projects. The first step of the 
pilot project was to organize farmers 
into WUAs and to involve them in 
deferred maintenance or canal 
rehabilitation. The second step was to 
hand over irrigation management at 
the minor level to WUAs. The WUAs 
main tasks were to take-over the O&M 
of canals and equitable distribution of 
water, and also to raise adequate funds 
from farmers to meet these objectives. 
The State Government also allowed 
each WUA to retain 50% of the 
irrigation charges collected. 

5. WUAs were formed under 
the PIM activity of Command Area 
Development Program in an 
integrated approach combining 



irrigation, OFD, agriculture extension 
and adaptive research. The main 
component of project were: (i) 
deferred maintenance and system 
rehabilitation of minor/ distributory 
canal (the cost of rehabilitation has a 
ceiling of Rs. 3000 per ha of which 
10% comes from the WUA), (ii) one 
time functional grant of Rs. 500 per ha 
in the ratio of Rs. 225:225:50 by the 
Central Government, State 
Government and WUAs respectively, 
(iii) action research, training of 
farmers and officials and monitoring 
and evaluation. 

WUAs were registered under 
Rajasthan Co-operative Act 1965 and 
Rajasthan Societies Act 1958. WUAs 
carried out physical rehabilitation of 
irrigation infrastructure. The 
functional grant (managerial subsidy) 
was deposited in a fixed deposit 
account and its interest could be drawn 
by the WUA for annual maintenance 
work. The State Government also 
allowed each WUA to retain 50% of 



the irrigation charges collected. 

6. Under the PIM activity, 
whole Chambal Command Area 
(2,29,000 ha ) has been divided into 
359 WUAs, out of which 354 WUAs 
have been formed during 1992-1998. 
In absence of legal provisions for PIM 
at that time, these WUAs were 
registered under Rajasthan Co- 
operative Act 1965 (82 WUAs) and 
Rajasthan Societies Act 1958 (272 
WUAs). Financial support was 
provided to these WUAs' through 
various agencies. Rehabilitation of 
canal system was done by 19 WUAs 
funded by NABARD worth Rs. 206. 1 6 
lacs. With RAJAD (Rajasthan 
Agricultural Drainage Research 
Project of Canadian International 
Development Agency) funds 
rehabilitation was done on one minor 
with Rs. 89.42 lacs. Under 
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construction of Irrigation projects under successive plans were taken up thereby 
increasing the irrigation potential of the Rajasthan from 0.40 
million ha. in 1951 to about 3.2 million ha. at present 



Agricultural Development Project 
(ADP) of World Bank, financial 
support @ Rs. 200 per ha was provided 
to 219 WUAs in addition to the 
rehabilitation of canals by 13 WUAs. 
Total fund under ADP was Rs. 402.42 
lacs. Similarly, institutional support 
was provided to 33 WUAs @ Rs. 500 
per ha with financial assistance from 
Ministry of Water Resources, State 
Govt. (45%: 45%) and farmer 
contribution (10%). Total Rs. 47.16 
lacs was provided under state plan & 
central share. 

The State Government also 
allowed each WUA to retain 50% of 
the irrigation charges collected and 
some of the WUAs have employed an 
unemployed youth (or retired 
knowledgeable person) to work as 
water master to assist WUA in 
maintenance of accounts, records, 
irrigation assessment, recovery of 
irrigation charges, conducting general 
body & managing committee 
meetings. 

7. Four WUAs (one on each 
minor) were formed with 1618 ha 
culturable command area & 575 
farmers, under the Action research 
Program (ARP) of IMTI, Kota during 
1996. The program was based on PIM 
principles and lessons learned from 
previous experiments in WUAs and 
minimum rehabilitation in Rajasthan 
under the ADP. This was a mix of the 



earlier two approaches of CAD & 
Irrigation Department. 

The plan envisaged that farmers 
first should form into a WUA and 
register it under Cooperative Societies 
Act. Each member of the Cooperative 
has a share of Rs. 100. The WUA signs 
a Memorandum of Understanding 
(MOU) with the Irrigation 
Department promising that it would 
contribute 10% of the total estimated 
cost of rehabilitation. 

Provisions of various works 
taken in the project reports (estimating 
to Rs. 39.25 lac) for the rehabilitation 
of all the four minors were also 
discussed with members of concerned 
WUAs and after giving due 
consideration to their own needs, 
some more works were also agreed to 
be executed. Considering above 
additional works and escalation 
(prevalent market rates), cost of all the 
rehabilitation works rose to Rs. 62.31 
lac. 

Execution of work was 
conducted by respective WUAs with 
technical support from irrigation 
department. With the completion of 
all the rehabilitation works, all relevant 
records of all the four minors including 
chak plans, canal operation plan and 
revenue record were handed over to 
the executive committee members of 
each minor along with the handing 
over of management of all the four 
minors, duly rehabilitated and brought 
to the designed standard to respective 



WUAs for their operation, 
maintenance, assessment & recovery 
of irrigation charges. 

8. Under World Bank financed 
Rajasthan Water Sector Restructuring 
Project (covering about 500,000 ha 
area) 506 WUAs were formed in 90 
projects (major, medium and minor) as 
per the provision of The Rajasthan 
Farmers' Participation in Management 
of Irrigation Systems Act, 2000 
(RFPMIS). It was envisaged that these 
WUAs would, over time and in close 
coordination with the ID, take over the 
operation and management of surface 
irrigation system up to the distributary 
level. This is the largest project in the 
state that involves major rehabilitation 
of the irrigation system with WUAs 
major involvement. WUAs has been 
given the responsibility of 
rehabilitation of canals below 10 
cusecs discharge. 

9. Under JBIC (Japan Bank for 
International Cooperation) financed, 
Rajasthan Minor Irrigation 
Improvement Project it has been 
planned to constitute 415 WUAs for 
the same number of minor irrigation 
projects. This project is still under 
initial stage and formation of WUAs 
will commence very shortly. 

10. At Narmada Project (1.34 lac 
CCA), where sprinkler irrigation 
system (along with a diggi for each 
outlet) has been proposed instead of 
gravity flow formation of WUAs has 
also begin. About 60 WUAs have been 
formed as per the provisions of 
RFPMIS. 

LEGAL SUPPORT 

To provide legal support to the 
Farmers Organisation (FOs) for the 
farmers' participation in management 
of irrigation systems in Rajasthan an 
act titled The Rajasthan Farmers' 
Participation in Management of 
Irrigation Systems Act, 2000 was 
enacted and have come into force on 
and from 20th day of July, 2000. Rules 
2002 has also been notified. 



1 8 Water Challenges & Solution 



As per the act, the objects of the 
Farmers' Organisation shall be to 
promote and secure distribution of 
water among its users, adequate 
maintenance of the irrigation system, 
efficient and economical utilisation of 
water to optimise agricultural 
production, to protect the 
environment, and to ensure ecological 
balance by involving the farmers, 
inculcating a sense of ownership of 
the irrigation system in accordance 
with the water budget and the 
operational plan. 

IMPLEMENTATION 

The challenge of successful 
functioning of FOs and their 
sustainability can be met by ensuring; 
close partnership between the ID & 
AD officials and the farmers, equity in 
water distribution, proper 
maintenance plan, cultivating sense of 
ownership among farmers, 
transparency in functioning of WUAs 
and improved cost recovery and water 
service. For the implementation of 
PIM Programme in the state following 
points have to be considered: - 

(a) Political Will 

Political Will is very 
significant in a democratic 
institutional set up that prevalent in the 
Country. Wide reaching policy change 
can be implemented by only the 
political party in power. Main threat in 
Irrigation Sector reforms is tackling 
hardcore basic issues linked to 
irrigation sector reform like increase in 
water tax and restructuring / changing 
the mindset of dominant and all 
powerful irrigation bureaucracy. 
Farmers are spending 5 to 10 times 
money for irrigation water if it is 
drawn from tube wells, open wells or 
pumped from rivers etc. Farmers are 
interested in delivery of water at the 
assured time and right quantity. If they 
see this happening they are willing to 
pay more. By implementing PIM, 
irrigation charges can be increased 
easily. 

Political will is just not sufficient 



Political will is just not sufficient for one - time introduction of reforms. 
Reforms also have to be sustained for which a continues follow up is necessary. 



I 



for one - time introduction of reforms. 
Reforms also have to be sustained for 
which a continues follow up is 
necessary. This can only be achieved 
through constant political pressure. 
Traditionally, whenever there is a 
political lax seen, the bureaucracy 
used to its traditional functioning, 
perceives reforms as no more than 
some political gimmick and the entire 
spirit of the reform is killed. 

New political leadership (FOs 
presidents) if conscious will also put 
pressure on the system to perform. For 
example these new leaders may put 
pressure on MLAs & M.P.S. to spend 
their funds for the irrigation system 
also. 

(b) Legal Empowerment 

RFPMIS Act 2000 alongwith 
Rules 2002 has been enforced in the 
state and WUAs have been formed as 
legal entities. Powers have been 
devoted to the WUAs, backed by legal 
rights & obligations. But still many 
amendments are essential in the Act & 
Rules. Hence before implementation 
of PIM programme in the state 
deliberations should be made so that 
necessary amendments required in the 
Act can be incorporated. 

(c) Dept. to be facilitator 

Large - scale irrigation systems 
have given rise to large and centralized 
bureaucracies. Over the years the 



attitude of the irrigation department 
has become that of providers and even 
of owner. This has brought about 
certain arrogance in the department 
while dealing with the farmers, who 
are looked upon as recipients of the 
generosity heaped in to them by the 
department. The irrigation 
bureaucracy is resistant to any change, 
like many other administrative 
departments. One of the major fears 
for resisting change being that of 
losing powers and privileges. 

They also have fear that if the 
FOs could not maintain the irrigation 
system properly it will come back on 
the shoulders of irrigation department 
& that's also in very bad shape. So, 
along-with a political will, there also 
has to be an administrative will for 
change and reforms. 

The administrative will does 
not mean a few committed and highly 
motivated individuals at the highest 
level to change and try to force a 
change but a gradual attitudinal and 
behavioral change amongst all the 
ranks in the department. This is an 
easier said than done task. The most 
important actors are the Executive 
Engineer, Assistant Engineer and 
Junior Engineers who are responsible 
at the WUA level to believe in the 
reform process and they should believe 
that they are the facilitators for the 
WUA & not the commanding officer. 

They should provide all the 
technical guidance & support to the 
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WUAs and boost their moral for the 
sustainability of the FOs. The attitude 
& behavioral change especially 
amongst the technical bureaucracy 
can be brought about by a series of 
training and awareness programs. 
Also a will and zeal amongst the 
higher-level officials will have a 
positive impact on lower level staff. 
Field interactions with the WUAs is 
also very important to have better 
relations amongst the irrigation staff 
and WUAs, which is also so far 
lagging. For the reform to take place 
smoothly following points must be 
considered: 

(i) There should be continuous 
training for all levels of staff 
regarding attitudinal 
& behavioral changes. 

(ii) Equal participation of farmers 
and engineers in the reform 
process. 

(iii) Least or no political interference 
in the role of engineers. 

(iv) Ensuring the feeling of security 
amongst officials. 

(v) Pick up committed officials to 
promote and guide the 
programme at the lower level. 

(d) Mobilization of Financial 
Resources 

One of the main reasons for 
government to introduce irrigation 
reforms has been the financial 
resource crunch the government is 
facing. Maximum portion of Budget 
allocated goes to administrative 
expenses (Salaries etc.) and negligible 
amount is spent for maintenance of 
irrigation system. Irrigation system is 
in very poor shape & it needs major 
rehabilitation, which is also deferred 
year by year due to shortage of funds. 

Farmers also do not want to take 
charge of systems that are deteriorated 
or defunct and then assume full 
responsibility. Farmers fear that after 
transfer, the government will not 
provide any thing and they will have to 
pay irrigation charges (increased) but 
will not get the water, as the delivery 
systems are in very bad shape or need 
maintenance. Important point is that 
there should be commitment of 



financial resources for the reform 
process i.e. basic O & M of the system 
before transfer or simultaneous with 
the transfer process. For the 
management of irrigation system 
(after transfer) the government should 
transfer all O & M funds from the 
department to the WUAs. Revenue 
department presently recovers 
irrigation charges, which were 
recovered previously by Irrigation 
department, and no provision exists 
for the funds to be allocated to FOs for 
maintenance of Irrigation system by 
them. 

(e) Entrusting Powers to WUAs : 

The basic foundation of the 
irrigation reform process is the Water 
Users Associations. If the WUAs are 
given sufficient powers they can 
sustain very well and will have 
following positive impacts: 

(i) Farmers will feel that they have 
an equal participation in 
management of irrigation 
system 

(ii) Quality of construction & 
maintenance will be improved 

(iii) Sense of ownership will be 
developed 

(iv) Water saving will increase 
irrigation efficiency 

(v) Better & timely availability of 
water will enhance crop 
production 

(f) Priority for other Funds : 

For areas where WUAs take 
over the management of canals and 
other PIM activities, the Government 
should give them a higher priority 
while sanctioning other development 
schemes of various government 
departments. 

(g) Mass Awareness 

Mass Awareness building and 
orientation, keeping in mind the 
apathy, indifference or even resistance 
to PIM at various levels not only in 
Govt, departments but also amongst 
farmers, large scale mass awareness 
building and capacity building 



trainings about PIM and reorientation 
of thinking and approach is required 
for both farmers and Govt, 
functionaries; as also for all citizens in 
general. Extensive use of mass media 
should be made. Information, 
Education & communication 
activities should be taken up on large 
scale through Video/Audio Cassettes, 
TV, Radio Programme, News paper 
articles, pamphlets, leaflets, posters 
etc. For dissemination of knowledge to 
masses, education institutes may also 
be involved. 

(h) PIM Directorate: 

There should be a separate 
Directorate (as in M.P.) for monitoring 
and implementation of PIM 
programme under Water Resources or 
CAD&WU Secretary. The Director, 
PIM will directly report to the 
Secretary and will be responsible for 
policy making as well as 
implementation of PIM activity in the 
state. Director, should head the 
multidisciplinary PIM Cell, which 
should contain staff from the 
irrigation, agriculture, agricultural 
engineering, GWD & CAD 
Departments. 

Divisional Commissioners, 
District Collectors, MLAs, MPs and 
Zila Pramukhs should be involved in 
motivating and orienting farmers so 
that PIM can be implemented on 
sustainable basis. Government 
employees used in the PIM 
programme will be required to work 
with extra dedication as champions of 
PIM. They should be provided with 
'Special pay or a 'Project allowance". 
State / District level awards should be 
provide to best FOs, who will collect 
maximum percentage of irrigation 
charges and has made efficient 
utilization of water. g 

*(Author is Assistant Director 
(Monitoring), CAD,Kota (Raj.) 
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NIRMAL GRAM PURASKAR IN 



Total Sanitation 




S.S. SARASWAT 

Sanitation 
and supply of 
drinking water 
are two very 
important 
aspects of rural 
development. 
Human health 
and hygiene 
largely depends 
of on 
availability of safe drinking water and 
sanitation facilities. There is a direct 
relationship in water, sanitation and 
human health. It is now evident that 
Eighty percent diseases are related to 
water and human excreta. In the 
developing and under developed 
countries unavailability of safe 
drinking water and lack of sanitation 
facilities causes several diseases and 
epidemics many a times and that is the 
reason of higher rate of infant, child 
and mother mortality in these 
countries. Situation in India is also not 
very different. As per ensure survey of 
2001 only people of rural India had 
access to safe drinking water and only 
22% had individual house hold toilets. 

The Government of India 
started Central Rural Sanitation 
Programme (CRSP) in 1986 with a 
view to improve sanitation coverage. 
Emphasis in this programme was on 
construction of toilets. The 
programme did not yield desired 
results. An analysis of whole situation 
revealed the fact that the sanitation 
programme was not accepted by the 
people. It was for two reasons; first it 
was not their felt need and secondly 
they were not involved either in 
planning or implementation of the 
CRSP. Reacting to the lessons learnt 
from CRSP the Government policy 
underwent a paradigm shift and the 
Government of India decided to run 
the Rural Sanitation Programme as 
community based, people centered 



and need based programme. 
Therefore in 1999 changed the 
Central Rural Sanitation Programme 
(CRSP) to 'Total Sanitation 
Campaign. Total Sanitation 
Campaign is a demand driven 
programme. Emphasis is on 
awareness generation and capacity 
building of the community so that 
people them selves realize the 
importance of sanitation. The 
objectives of Total Sanitation 
Campaign are as follows: 

(i) To bring about an improvement 
in the general life-style in rural 
areas 

(ii) To expand and accelerate the 
sanitation activities in rural 
areas 

(iii) To generate demand for 
sanitation facilities through 
awareness creation and 
education 

(iv) To impart health education and 
inculcate adequate cleanliness 
and hygiene habits among 
children in rural schools and 
child care centers. 

(v) To promote the low-cost 
relevant technology for 
sanitation facilities 

(vi) To convert dry latrines into 
water-flush toilets and abolish 
scavenging As the name 
indicates the goal of TSC is all 
round and sanitation practices. 
There are seven components of 
TSC. The main aspects of these 
components are as follows: 

1 . Safe Drinking Water 

A. Using clean and safe drinking 
water 

B. Taking care of the cleanliness 
around the source of drinking 
water 

C. Bringing water from source in a 
covered earthen pot 

D. Keeping the drinking water pot 
covered and at height from the 
ground 

E. Using a long Laddie to take out 



water from the earthen pot 
F. Adequate chlorination of water 

2 . Safe disposal of waste water 

A. Laying drains near water sources 
for disposal of water 

B. Using the water draining out of 
kitchen for gardening 

C. Recharging the under-ground 
water through a soak pit 

D. Linking the street drain with the 
main drains 

3. Safe disposal of human excreta 

A. Eradication of open defecation : 
Every house to have a toilets 

B. Adopting low-cost alternatives of 
toilets 

C. Making use of single and double 
pit flush toilets 

D. Construction of Ventilated 
Improved Pit (VIP) toilets in dry 
areas 

4. Disposal of solid waste 

A. Using the garbage bins 

B. Using the garbage pits for solid 
waste disposal 

C. Converting solid waste in manure 
and vermin-compost 

5 . Personal Hygiene 

A . Trimming nails once in a week 

B. Washing hands with soap before 
meals and after defecation 

C. Washing of hands by parents 
after washing the feces 

D. Taking daily bath 

E . Cleaning teeth and tongue daily 

F. Keeping hair clean and combing 
them 

G. Wearing a clean dress daily 

6. Cleanliness of the House and 
Food 

A. Keeping the house and adjoining 
area clean 

B. Having enough windows in the 
house 

C. Washing hands with soap 
before cooking the food 

D. Washing thoroughly the 
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vegetables before cooking and 
fruit before eating 

E. Keeping the food covered at all 
times. 

F. Using a smokeless 
hearth/chulha for cooking 

7. Community and village 
Cleanliness 

A. Having a disposal pit in the 
backyard of the house 

B. Keeping the area around the 
water sources clean 

C. Making arrangements for the 
disposal of water through 
soak pits and drains 

D. Keeping the public toilets, roads 
and drains clean 

E. Planting trees to keep the 
environment clean and green 

F. Constructing separate toilets 
for boys and girls in school 

and keeping them clean. 

G. Constructing and maintaining 
child friendly sanitation 
facilities 

Nirmal Gram awards 

Government of India launched 
an award scheme for the Gram 
Panchayats which have attended a 
status of total sanitation viz fulfill all 
seven components of TSC of TSC. 
The award scheme was launched on 
2nd October, 2003. There is a 
provision of award for the Panchayat 
Samiti and Districts also which have 
attended a status of total sanitation. 
Provision of award for individuals, 
NGOs and CBOs who have out 
standing contribution in the field of 
rural sanitation is also there. 

The details of award money in 
various heads in shown in the 
table below- 



Particulars Prize Money(In lac.) 


Gram Panchayat 




0.50 


Block District 




1.00 


Population Criteria Less than 1000 




2.00 


1000 to 1999 




4.00 


2000 to 4999 




5.00 


5000 to 9999 




10.00 


10000 and above Up to 50000 




20.00 


50001 and above Up to 10 lakhs 




30.00 


Above 10 lakhs 




50.00 


Individuals (in Rs.) 0.10 


0.20 


0.30 


Organisations other than PRIs 0.20 


0.35 


0.50 



The Nirmal Gram Puraskar 
(awards) was started as an incentive to 
give a fillip to the Total Sanitation 
Campaign. The Government of 
Rajasthan has also announced parallel 
awards to the Gram Panchayats who 
win the Nirmal Gram Puraskar. The 
main provisions of these awards are as 
follows- 

1. The Gram Panchayat receiving 
the Nirmal Gram Awards will 
receive the cash prize of Rs 
1,00,000 from the State 
Government for the Development 
work. 

2. If a panchyat samiti gets 10 and 
Zila parishad gets 30 or more 
Nirmal Gram Awards, will get the 
cash prizes of Rs 5,00,000 and 
Rs 10,000,00 respectively from the 
state government for 
development work. 

3. If a Zila Parished become eligible 
for the state award along 
with two Panchayat samitis 
receiving 10 awards each, the 
district will receive the cash prize 
ofRs 50,00,000. 

Nirmal Gram is good strategy for 
implementing TSC also. Instead of 
spreading the resources in all Gram 
Panchayats of a district if intensive 
and concerted efforts are made in 
some selected potential Gram 
Panchayats then it is likely to yield 
better results. If a Gram Panchayat is 
awarded Nirmal Gram Puraskar them 
it is likely to become a source of 
inspiration and model for leaning for 
the neighboring Gram Panchayats in 
the area. This strategy is likely to 
succeed in Rajasthan also. In the last 
year twenty three Gram Panchayats 
received Nirmal Gram Puraskar from 
Rajasthan while this year more than 
twenty times applications have already 
been filed for Nirmal Gram Puraskar. 

Constraints in TSC implementation 
and lessons learnt- 

The Government of India has set 
the target to achieve total sanitation 
coverage in the country by 2012. But 
the programme has not received 
desired fillip as yet. A lot of efforts 
need to be to achieve the target. The 
basic constraint in implementation of 



the programme is the mind set of 
people. They feel that it is always 
better to defecate in open away from 
home and they can't defecate in closed 
space. They are not aware about the 
evils of open defecation and their 
impact on health. The most sufferers 
of the lack of sanitation facilities are 
the women and they do not have much 
say in the house hold decisions. The 
topography of Rajasthan state is 
varied most of the part suffers from 
scarcity of water almost through out 
the year. There exists a perception 
among the people that construction of 
a toilet is a costly affair and that they 
can not afford this luxury. There is 
also a perception in the society that 
cleaning of toilet is a job mean nature 
and they should not do it. 

Way forward 

Accepting sanitation facilities by 
the masses involves a process of social 
change. This can not be brought about 
by way of enforcing law or simply of 
hardware and constructing toilets. 
There is a need to change the mind set 
and perception of the people and let 
them realize the cost they for 
medication of their kith and kin on 
account of illness due to diseases 
caused by contaminated water and 
open defecation. There fore we need 
to work closely with the community 
and make them aware about health 
and financial aspects sanitation. As it 
is a multi stake holder programme 
therefore there is a need for 
collaboration of Government 
agencies, NGOs, CBOs and PRIs. 
Strong and continuous IEC activities 
are required to be carried out in the 
field. The people need to be provided 
appropriate toilet options suiting to 
the geographical conditions. The 
delivery system needs to be 
strengthened and ensure that all the 
hardware and know how is available 
at the door steps of the beneficiary. 

It appears to be an up hill task 
but the great revolutions are brought 
about by the people. What is 
necessary is that that they know 'what 
is to be done'. ■ 

*(Author is consultant H.R.D. in CCDU, Jaipur) 
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SURFACE WATER SCENARIO IN RAJASTHAN 



Participation of Farmers 

FOR ITS OPTIMUM UTILIZATION 




R. M. MATHUR 

The state 
of Rajasthan is 
the largest state 
in the country 
covering an 
area of 0.342 
Million Square 
Kilometer, 
which is more 
than 10 percent 
of the total geographical area of the 
country. About 5 percent of the total 
population of the country reside in the 
state and it has more than 15.7 Million 
hectare of land suitable for agriculture. 
Rajasthan is one of the driest states of 
the country and the total surface water 
resources in the state are only about 1 
percent of the total surface water 
resources of the country. Arravali 
range divides the state in two parts. In 
east of this range has distinct drainage 
while the area in the west of Arravali 
range comprises of Thar Desert and 
do not have any drainage. The rivers of 
the state are rains fed and identified by 
14 major river basins divided into 59 
sub-basins. The surface water 
resources in the state are mainly 
confined to south and southeastern 
part of the state. There is a large area in 
western part of the state, which does 
not have any defined drainage basin. 
Thus the water resources in the state 
are not only scarce but have highly 
uneven distribution both in time and 
space. The surface water yield in 14 
basins is computed as 21713.5 Million 
Cubic Meter (MCM) at 50 percent 
dependability (Water Planning Study 
of Rajasthan). The basin wise surface 
water availability is given in Annexure 
Table 1. 



Interstate water 

In addition to it Rajasthan has 
access to 17478 MCM water imported 
as per existing inter state agreements 
for share in Ravi-Beas, Sutlej, 
Narmada, Yamuna, and Mahi rivers. 

It will be pertinent to note that 
the demand of water for irrigation, 
drinking water and various other uses 
can not be met from the total internal 
surface water sources. Rajasthan has 



been striving hard for shares from the 
inter-State rivers namely Ravi, Beas, 
Sutlej, Chambal, Mahi, Yamuna, 
Narmada and Ganga. The first attempt 
for share in inter-State rivers (Ravi- 
Beas) was made by the erstwhile 
Maharaja of Bikaner as early as 1920 
wherein water was allocated from 
these rivers for irrigation. Rajasthan 
after persistent pursuance with the 
adjacent States and the Government of 
India has been successful in getting 
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shares of waters allocated from 
various inter-State rivers as given in the 
Annexure Table 

2. Inter Basin transfer of water 

National water Development 
Agency (NWDA), a society under 
Ministry of Water Resources, 
Government of India is working to 
optimize the water use in the various 
river basins by computing the water 
balance of the basin and possibility of 
inter basin transfer of surplus water. 
The following two links will provide 
additional water to Rajasthan 

Parvati - Kalisindh - Chambal - 
Banas link Sharda - Yamuna - 
Rajasthan - Sabarmati link 
1 Parvati - Kalisindh - Chambal - 
Banas (PKCB)link 

Under the peninsular 
component, NWDA have planned to 
harness the surplus water of Parwati, 
Newaj and Kalisindh river for 
irrigation requirements in Madhya 
Pradesh & Rajasthan after considering 
the water balance of these three rivers. 
A feasibility report has been prepared 
to link Parwati- Kalisindh- Chambal 
Rivers to utilize the surplus water of 
these rivers. The link will provide 
water in Rana Pratpsagar. This link 
will provide additional irrigation 
facility in 46000 Hectare in Rajasthan. 
Sharda - Yamuna - Rajasthan - 
Sabarmati link 

Sharada River originates from 
Indo- Tibetian boarder and is having 
entire catchment in Utter Pradesh. 
NWDA is working on a proposal, in 
which the 6972 MCM surplus water of 
Sharada River, is proposed to be used 
in Rajasthan, irrigating 7.79 lakh 
Hectare land. 

Groundwater 

The position of ground water 
in the state is very critical. At present 
the annual recharge to the ground 
water is 10.38 BCM, while the annual 
withdrawal is 12.99 BCM, which is 



125 percent of the annual recharge. 
This has resulted in depletion of 
ground water level in most of the 232 
blocks. The comparison of status of 
ground water in these blocks in the 
different assessment years from 1984 
to 2004 is given in table 1 . 





1984 


1998 


2001 


2002 


2004 


Safe 


203 


135 


54 


49 


32 


Semi Critical 


10 


34 


32 


21 


14 


Critical 


11 


26 


65 


80 


50 


Over exploitation 


12 


41 


85 


86 


140 


Salt affected 


1 


1 


1 


1 


1 



Table 1 : Status of ground water 
level in 237 blocks Category 
Number of blocks in the assessment 
year 



Rainfall in state 

The average annual rainfall of the 
state is only 539.80 mm. This is nearly 
half of the average annual rainfall of 
the country. The Table 2 compares the 
average rainfall in the eastern part and 
western part of the state. 



Table 2 : Average Rainfall in Rajasthan State 



Particular 


State average 
in mm 


Average 
eastern part 
in mm 


Average in 
western part 
in mm 


1 . Average of 
100 Years 


539.80 


688.68 


318.68 


2. Maximum 
Rainfall 


1079.49(1917) 


1226.541917) 


785.39)1917) 


3. Minimum 
Rainfall 


197.00(1918) 


266.17(1905) 


55.94(1918) 



Table 2: Average Rainfall in 
Rajasthan State 



Particulars State average Average 
in Average in in mm eastern part 
western part in mm in mm 

The number of average rainy 
days in the state is also very less. This 
rages between six in case of Jaiselmer 
district and 42 days in Jhalawar 
district. Rajasthan is facing 
continuous severe famine conditions 
in the past 1 0 years. The actual rainfall 
during last five years is Table 3 : 



Year 


Normal (mm) 


Actual (mm) 


Percent deveration 


2003 


539.8 


560.3 


4% more 


2004 


539.8 


493.5 


9% less 


2005 


539.8 


526.7 


2% less 


2006 


539.8 


670.3 


24% more 


2007 


513.9 


459.1 


11% less 



(up to September 15, 07) 



Table 3: Year wise rainfall in last 
5 years 

During the current year 2007, 
the monsoon is normal. The position 
of monsoon from June 1 to September 
15, 2007 assessed by the Hydrology 
wing of Water Resource Department 
concludes as under: 

Scanty rainfall i.e. (-) 60 % or 
less of normal rainfall in 0 district; 
Deficit rainfall i.e. (-) 20% to (-) 59% 
of normal rainfall in 12 districts; 
Normal rainfall i.e. (+) 19 % to (-) 19 
% of normal rainfall in 1 5 districts; 
Excess rainfall i.e. (+) 20% to 59 % of 
normal rainfall in 5 district; 
Abnormal rainfall i.e. (+) 60 % or 
more of normal rainfall in nil district; . 

Affect of drought 

The scanty rainfall and 
depletion of ground water has 
resulted in continuos draught 
conditions in Rajasthan. Very often 
draughts assume the form of calamity 
and the state have to struggle hard to 
face the grim situation. Lakhs of 
people are affected during the period 
of scarcity and famines. The 
Government suffers heavy financial 
burden in two ways, firstly, relief 
expenditure has to be incurred by it, 
and secondly, land revenue has to be 
suspended, which reduces the revenue 
receipts of the Government to a 
substantial extent. The food 
production and supportive animal 
husbandry activities get affected in a 
large way. People not only loose 
money invested in farming and live 
stock but also loose on their capacity 
to do so next time. One can imagine 
what a draught for few successive 
years can do. 

Water Management in Rajasthan 

O Finite availability of water in the 
face of increasing demand. Issue 
of equity and efficiency. 

O Minimization of losses 

O optimization of water use. Short 
fall of the original expectations 
from the project resulting in lag 
between potential created and 
utilized. Poor revenue earnings 
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projects are loss makers. Poor 

maintenance of the projects. Poor 
water quality. 

Less awareness about the water 
management among the people. 
Project inadequacies in regard to 
timely and adequate supplies of 
water. 

Inadequate infrastructures for 
quick communications for 
regulation and control of water. 
Non adoption of latest 
technology of water application 
in the field. 

Improper mining of ground water 
resulting in increase of dark 
zones. 

O Need for the suitable Ground 

water legislation. 
O Ground water pollution due to 

effluent discharge in the rivers or 

drains. 

Society's inability to respond to 
local water management. 
Competition in access of water 
spatially. 



O 



O 



o 



o 



o 



o 



o 



O Existing legal framework to 
manage water needs refinement. 

O Lack of dialogue between the 
bureaucracy dealing with water 
management and the users. 

O Fragmented development of 
catchment areas of water bodies. 

Water Policy of Rajasthan 

The requirement of utilizing all 
available water resources, surface and 
groundwater, in a judicious and 
equitable, as well as sound economic 
manner needs a well defined State 
Water Policy. The Government has 
announced water Policy. The broad 
objectives of this policy are as under: 

(i) Development of all utilizable 
water resources tothe maximum 
possible extent. 

(ii) Assuring an integrated and 
multidisciplinary approach to 
planning, evaluation, approval 



and implementation of surface 
and ground water projects. 

(iii) Optimization of water 
resources 

(iv) Judicious and economical 
sound allocation of water 
resources to different 
sectors with drinking water 
supply as a first priority. 
Maintenance of water quality at 
acceptable standards. 

(v) Promoting beneficiaries 
participation in all aspects of 
planning and management 

(vi) Motivating and encouraging 
water conservation through 
appropriate socially acceptable 
water rates. 

(vii) Emphasis to be given for 
recharge of ground water 
aquifers to mitigate the 
crises of drinking water supply 
and industrial demand. 
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Priorities in water resources 
development and Management: 

Domestic and livestock water 
needs must be met at the highest 
possible priority. The development 
of additional water sources for other 
purposes mainly agriculture & 
industries, the management and 
maintenance of such development 
projects existing and future should 
be programmed on economic 
viability and sustain ability grounds. 
The water use in Rajasthan is 
dominated by agriculture sector. 
There is a need for the efficient use 
of water in this sector. 

Coordination and control 

Water Resource Department, 
Government of Rajasthan is engaged 
in activities related to planning, 
development, distribution and 
monitoring of surface water of the 
state. The organization has to operate 
in an environment that includes both 
internal influences and external 
forces. The external environment 
comprises the interacting forces of the 
water users, politicians and 
contractors etc. The internal 
environment comprises elements such 
as organizational culture, motivation 
(includes carrier opportunities, 
transfers, promotion etc.) and 
organization mission. The mission of 
the department is to effectively plan, 
harness, develop and manage, in a 
well-coordinated manner, the state's 
surface water resources. 

To be responsive to the water 
user's needs and to meet their 
requirements in an efficient, effective 
and environmentally sustainable 
manner, for the present and future 
economic development. 

Development of surface water 
resources in Rajasthan 

The part of water potential 
available in state is harnessed by 



existing major medium and minor 
irrigation projects. The total irrigation 
projects in the State are 5208 (2315 
preplan), in which 113 (43 prepaln) 
are major-medium & 5095 (2272 
preplan) are minor projects. The state 
has constructed 2893 irrigation 
projects in different plan periods. This 
includes 70 major and medium 
projects and 2823 minor projects. The 
expenditure incurred in construction 
of the irrigation projects in plan 
periods up-to the X five year plan 
(2002-07) is Rs. 10360.59 Crore. If we 
calculate the net present worth of this 
expenditure, it will be much higher. 
The number of such projects 
constructed in different five-year plans 
is given in Annexure table3 . 

On Going Irrigation projects 

State has taken up contraction 
of new Major, Medium and minor 
Irrigation projects and rehabilitation 
of existing irrigation projects under 
state plan as well as other funding 
agencies like World Bank, NABARD 
and AIBR The following major 
projects are in progress 
O Indira Gandhi Nahar Pariyojana 

(IGNP) 
O Narmada Canal Project 
O Mahi Project 
O Ratanpura Distributory 
O Bisalpur Irrigation Project 
O Rajasthan Water Sector 

Restructuring Project 
In addition to these, Construction of 
medium and 56 minor irrigation 
projects are also in progress. 

Water Harvesting Structures 

To raise the ground water table 
by better water management, State 
Government has prepared a master 
plan for the construction of water 
harvesting structures. The 
construction of these structures is 
being taken up in phases. The sanction 
for 3298 structures costing 317.42 



Crores, located in 28 districts 

has been given. The work on 
2192 structures has been started so far. 
Out of these 1 892 structures have been 
completed. Remaining 300 works are 
in progress. Government is trying to 
take help of NGO's in the 
construction of these water-harvesting 
structures. 

Performance of Irrigation projcts 

The irrigation projects involving 
both physical works and human 
activity are not static. They are 
continuously evolving and changing. 
Major changes generally recognized 
are those associated with the rate of 
physical deterioration relative to 
maintenance of the project. The 
surface irrigation water is made 
available to the cultivators through 
canals at a very high cost by the 
government and the charges levied are 
very less. Since the procedure for 
distribution of water is not well 
defined in most of the command areas 
of irrigation projects, it faces one 
common problem of how to co- 
ordinate the different actions of 
individual user and to ensure optional 
utilization of irrigation water in the 
whole command area, of which over 
all parameters and water rights are 
well defined. The need for 
management and co-ordination is 
necessary, as resource is just sufficient 
to meet the demand of the command 
area. 

To effectively manage the 
irrigation water supply system, the 
entire conveyance/ distribution 
system and the discharges from the 
outlets provided to serve the farm units 
must be in such a way that system 
maintains adequacy, equity and 
timeliness in supplying the irrigation 
water. The operation of an irrigation 
system requires a fixing of schedule of 
water describing where to allocate and 
when to deliver. This decision is 
followed by an execution phase. 
Execution of schedule has to ensure 
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that the basic objectives are fulfilled. 
The overlap of water supply system 
with the agriculture domain is 
complex because the irrigation 
manager's attempt is to allocate water 
in such a way that, it is distributed 
equitably and fulfills the individual 
and collective requirements of user. 




This needs communication and 
responsiveness between the irrigation 
agency and farmer to a great degree. 
This can be developed with the 
Participation of beneficiaries in 
management. 

Participation of beneficiaries in 
management: The irrigation water 
management policy is undergoing a 
dramatic shift with the intervention of 
the foreign funding agencies in India. 
At present the state is responsible for 
management of irrigation water by 
up-keeping the irrigation channels and 
running the canals with an agreed 
schedule in the meeting of water 
distribution committee, which 
comprises off administrators as well as 
technical officers of the project area. 
The meetings of water distribution 
committees seldom contribute to get 
the active participation of the 
cultivators. The operation and 
maintenance of irrigation channels 



up-to outlet level is with the Water 
Resource Department while the 
management of water below the outlet 
through watercourses is with the 
cultivators. 

Now the emphasis is being made 
on the state to act as the central actor 



in development and managing the 
irrigation water potential up-to the 
main canal and branches while the 
management in the minor should be 
given to the farmers. The role of 
farmers in the management of 
irrigation system is vital for successful 
irrigated agriculture development, as 
they are the ultimate users of the 
irrigation infrastructure. For optimal 
productivity, individual farmer is 
required to use the water made 
available to him with the maximum 
water use efficiency. However, the 
system operates successfully only if 
each farmer behaves and cooperates in 
such a way that his each action in 
using the water assists the 
management process. The World 
Bank funded project Rajasthan Water 
Sector Restructuring Project 
(RWSRP) is conceived to improve the 
efficiency of water sector with the 
following objectives to improve 



surface irrigation system 
performance, efficiency and 
strengthening agriculture support 
services in selected schemes through 
increased involvement of users. 

To strengthen capacity for 
strategic planning and 



environmentally sustainable 
development of surface and ground 
waters resources in Rajasthan. 

One of the key strategy 
gradients of the project is "Fostering 
greater user participation and 
partnership building among 
stakeholders in the water sector 
through transfer of irrigation 
management to WUAs" . 

To work on this strategy, the 
State Assembly passed Participatory 
Irrigation Management (PIM) Act 
and the rules in this regard were 
framed. Subsequently, 509 WUAs 
have been formed on 91 irrigation 
projects to involve farmers in 
Irrigation Management. The 
rehabilitation work on these projects 
is in progress and it is proposed that as 
soon as this work is over the 
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Construction of medium and 56 minor irrigation projects are also in progress. 



management will be transferred to the 
WUAs. It is presumed that the WUAs 
will start working. The hope is that these 
WUAs will bring about better water 
management. More correctly, the Govt, 
may gain through better utilization of 
irrigation sources, better maintenance & 
operation of the irrigation system, better 
enforcement of discipline, better 
communications and hopefully, better 
relations with the client population. 
Other attractive possibility is to transfer 
the responsibility for collection of taxes. 

Sustain ability of WUAs 

1. Possibilities of conflicting views 
on account of differential socio- 
economic conditions. 

2. Possibility of local social and 
political dynamics of relations. 
This will influence functioning of 
WUA. 

3. Problem in fund collection due to 
lack of authority to punish and 
reward. 

4. Interference of family relations 
and informality in the operation 
of WUA. 

5. Conflicting interests of members 
may create disharmony if the 
leader of group does not take care 

6. Possibility of violation of rules 
and directives due to over 



confidence, local misguidance, 
misconceptions about power in 
leadership. 

The broad steps for transferring of 
PIM to the farmers 

The broad steps for sustainable 
success of PIM from PRA technique are 
as follows. 

1 . Rapport building and establishing 
communication links with the 
farmers; 

2. Learning from such farmers about 
their relationship with the existing 
water management and 
recognizing the priorities, 
preferences, problems and 
assessment of their capacities; 

3. Strengthening farmer's relationship 
with the water management 
through local driven action plans, 
their implementation and 
evaluation towards sustainability 
and also linking up the farmers with 
the Irrigation Department. 

4. Commitment by both farmers and 
the departmental engineers in the 
process of ensuring people's 
participation; 

5. Monitoring the process of people's 
participation; 

6. Coordination at different levels. 
Strategy for Transfer of 



management to local people: The 
local people assess and evaluate the 
water resources made available to 
them in terms of their knowledge and 
experience. It is they who account for 
the cost, benefit, strength, 
weaknesses, opportunities and 
threats. It is they who analyze, 
describe, define, decide on sound 
conditions and act to manage water 
as per their requirements. 

Simply framing the act and rules 
thereon cannot develop the strategy. 
Something beyond will have to be 
done, so that the farmers 
conceptualize the PIM and they 
adopt it in a sustainable manner. If 
most of the farmers in a WUA are 
disciplined and they are working 
together for the objectives of this new 
institution, then only the success in 
transferring the management will be 
there. Therefore, the strategy for 
transfer of management has to be 
developed keeping in mind the 
constraints of socio-political 
environment & the leadership style of 
irrigation engineers. 

The strategy could be based on 
the principal of learning and listening 
through participation and learning 
and working progressively. The 
closed mindset of the professional, 
approaching the farmers will not be 
successful. 

"Engineer" the job of 
irrigation manager to fit irrigation 
management: 

Leadership style: 

Every irrigation engineer is 
working in two different situations 
simultaneously. In one situation their 
job is to handle the construction 
activities and to administer the staff 
working under them. Which includes 
their promotion transfers, postings, 
court cases, other administrative 
matters etc. In other situation he has 
to perform the duty of irrigation 



28 Water Challenges & Solution 



water manager. These two situations 
require different leadership styles. In 
the first situation the authoritarian, 
highly directive leadership style works 
best while in the 

second situation the more 
permissive, human relation oriented 
and favoring the belief of equal rights, 
benefits and opportunities works best. 

Some engineers are having the 
leadership style as given in situation one 
and some has as per situation two, while 
a few has the combination of the two. 
This results in failure in one situation in 
most of the cases. 

Now we have to choose the 
appropriate leadership style, so that 
training and environment, to the 
irrigation manager can be given for 
achieving the targets of irrigation 
management. On the face of it, the first 
style of leadership is best in case of 
construction activity, while the second 
style works better for irrigation 



management. 

There is a need to recognize or 
diagnose group task situations. This is 
only possible when there is a segregation 
of the two situations i.e. water re 

source development and the 
irrigation management. There is a need 
to separate out the construction 
activities, which requires the directive 
style of leadership. At present the 
Water Resource Department is creating 
more and more irrigation potential by 
constructing the dams but the optimum 
utilization of the water stored in the 
dams is not finding place, as there is not 
sufficient work environment for 
effective water management. The 
reason being the diversity of work 
situations as explained earlier. Due to 
this diversity, they are not able to 
perform the duties of a good irrigation 
manager. 

The above analysis indicates the 



need for creation of separate group of 
engineers mixed with the Public Service 
Contractors (PSC), for irrigation 
management, so that a separate work 
environment can be created which suits 
to perform the duties of good irrigation 
manager. We may try to "engineer" the 
job of irrigation bureaucracy to fit the 
irrigation management? This alternative 
is potentially the most feasible for 
irrigation management. This indicates 
that the new institution should be 
created which can work as service 
provider. 

Transferring of the irrigation 
management will involve following two 
roles. 

1. To supplement technical 
requirement in regard to 
scheduling of irrigation, 
warabandi, maintenance options 
for the projects, collection 
irrigation dues, maintenance of 
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Annexure Table 1 : Basin wise surface water availability 



S.No 


Basin 


Districts coverage 


Surface water availability at dependability of 


1 


Shekhawati 


Ajmer (8), Alwar (5), Jaipur (18 ), Jhunjhunu (21), Nagaur (23)& Sikar (25) 


50% 
161 


75% 
91 


2 


Ruparail 


Alwar (71) & Bharatpur (29) 


2021 


153 


3 


Banganga 


Alwar (25), Bharatpur (31), Dausa (24), 
Jaipur (17), Sawai Madhopur (3) 


516 


324 


4 


Gambhir 


S. Madhpur (62.9), Bharatpur (29.3 %), 
Dausa (2.9), Dholpur (4.9) 


550 


315 


5 


Parwati 


Dholpur (82), S. Madhpur (17), Bharatpur (1). 


182 


117 


6 


Sabi 


Alwar (62), Jaipur (27), Sikar (11). 


223 


126 


7 


Banas 


Ajmer (12), Bhilwara (20), Chittorgarh (12), Dausa (2),Jaipur (14) 


4039 


2789 




Rajsamanad (10), S. Madhopur (10), Tonk (15), Udaipur (5) 


8 


L-nambai 


Kota (1 /), Jnalawar (ly.o), rsaran (zl.y), 
Bundi (17.7), Chittorgarh (9.4) 


10053 


6723 


9 


Mahi 


Banswara (29), Chittorgarh (13), Dungarpur (19), Udaipur (39) 


3149 


2023 




Sabarmati 


n MairYiir CHO X\ Fliirinarmir C\ R fC\ Pali (C\ K\ Qii-r»Vii (\ A\ 

(^uaaipur (oz.j), i^ungarpur j.o), ran (U.jj, oironi ^l.oj 


800 474 


11 




Pali (33.3), Jalore (23.6), Barmer (17.6), sirohi (5.6), 


821 


382 






Ajmer (5.4), Nagaur (4.9), Jodhpur (8.1) 


12 


West Banas 


Sirohi (0.5), rest in Gujarat 


406 


217 


13 


Sukali 


Sirohi (0.3) rest in Gujarat 112 


50 


14 


14. 


Other Nallas 


Jalore (92), Sirohi (8) 


32 


9 






Sub Total 


21246 


13756 


15 


Outside basin 


Thar Desert 


468 


366 






Grand Total 


21714 


14122 



(Figure in Parenthesis are percent contribution in catchment area.) 



Annexure Table 2: Allocated share from inter state rivers 



S. No. 


River 


Date of Agreement 


Allocated Share 


Parties to the Agreement MAF/MCM 


1 


Ravi Beas (Pre partition) 


04-09-1920 


1.11 


1369 


British Govt, Nawab of Bhawalpur & 
Maharaja of Bikaner 


2 


Ravi Beas 
(Post Partition) 


31-12-1981 


8.60 


10604 


Haryana, Punjab & Rajasthan 


3 


Sutlej 


13-01-1959 


1.41 


1739 


Punjab & Rajasthan 


4 


Chambal 




1.60 


1973 


Madhya Pradesh & Rajasthan 


5 


Mahi 


10-01-1966 


0.37 


456 


Gujarat & Rajasthan 


6 


Narmada 


07-12-1979 


0.50 


617 


Gujarat, Maharashtra Madhya Pradesh 
&Rajasthan 


7 


Yamuna 


12-05-1994 


0.91 


1119 


Delhi, Himachal Pradesh, Haryana, 
Rajasthan & Uttar Pradesh 




Total 




14.50 


17877 



Annexure Table 3: Plan- wise Financial and Physical Achievements in Irrigation Sector 



S.No 


Plan period 


Number of 
Irrigation Projects 


Cumulative Potential . 
Created in Million Ha 


Cumulative Expenditure . 
Incurred in Crore Rs 


/[ajor & Medium 


Minor 


Total 


1 


I Plan (1951-56) 


3 


186 


189 


0.503 


24.91 




2 


II Plan (1956-61) 


30 


69 


99 


0.644 


60.27 




3 


III Plan (1961-66) 


8 


100 


108 


0.9921 


36.28 




4 


Annual Plans 2 




44 


46 


1.154 


176.38 






(1966-69) 














5 


IV Plan (1969-74) 


3 


317 


320 


1.317 


277.50 




6 


V Plan (1974-80) 


6 


286 


292 


1.771 


620.89 




7 


VI Plan (1980-85) 




242 


242 


1.994 


1094.19 




8 


VII Plan (1985-90) 


4 


338 


342 




2.232 


1850.319 



Annual Plans -(1990-92) 




453 


453 


4.651 


2296.48 




10 VIII Plan (1992-97) 


4 


319 


323 


2.664 


4339.54 




11 IX Plan (1997-02) 


6 


142 


148 


2.955 


6596.75 




12 X Plan (2002-2007) 


4 


327 


331 


3.540 


10360.59 




Total 


113 


5095 


5208 








Achievement in Plan periods 


70 


2823 


2893 


3.540 




10360.59 



Source: Annual report, Water Resource Department, GOR. 2006-2007 
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different registers for the 
monitoring and evaluation etc. in 
managing the irrigation system. 
2. Raising awareness and build up 
organization of farmers. This will 
based on the sense of collective 
empowerment, understanding, 
knowledge, competence and self 
confidence in order to determine 
their own rights. 

These two roles cannot be 
recognize separately and will have to be 
performed simultaneously because they 
are supplementary to each other. The 
specialist of the roles will have to be 
identified, as there cannot be one-man 
show in this regard. An irrigation 
engineer can perform the first role, while 
NGO in the form of PSC can perform 
the second. There is a need to create a 
separate organization in which the 
irrigation engineers and the NGO can 
work together. This institution can work 
as umbrella for the small NGOs who 
will be working in the field. Blue print of 
the new organization: The work of 
transferring the management can be 
done with the creation of following 
institution. 

1. Governing council 

2. Steering committee 

3. Lead NGO 

4. Field NGOs 

Governing Council 

The Governing Council can 
provide the basic policies of the 
Government to design the strategy. This 
council can be headed by Minister of 
Water Resources, Government of 
Rajasthan and represented by the 
Finance Department, Planning 
Department, Irrigation Department, 

and eminent Irrigation Engineers 
& Social Scientists. Principal Secretary 
Water Resources can be Convener of the 
committee. This Council may meet as 
and when required. 

Steering Committee 

This Committee can design the 
strategy. Principal Secretary Water 
Resource may chair this committee. 



Chief Engineer Water Resource, 
Rajasthan, Head of the Lead NGO, 
Irrigation Engineers on deputation to 
Lead NGO and an eminent Social 
Scientist may be the members. The 
Convener of this committee can be 
Head of the Lead NGO. The work 
allotment to field NGOs may be decided 
by this committee after identification of 
good field NGOs. The committee can 
meet once in a month and take care of 
the progress of work on the basis of 
some evaluation criterion. 

Lead NGO 

An eminent NGO can perform its 
role as Lead NGO, with the help of 
irrigation engineers working on 
deputation to this organization. This 
organization will be free to select any 
irrigation engineer up to Superintending 
Engineer. The salary to the selected 
engineer will be given one scale higher to 
promote the motivation dimension and 
to create work environment. The Field 
NGOs will be working in different 
projects. The registration of the Field 
NGOs to work with the farmers will be 
made by this organization. The role of 
Lead NGO will be to provide funds, give 
necessary guidance to the Field NGOs 
and to monitor the work of transferring 
the PIM to the farmers through them in 
the different projects. 

Field NGOs 

The Field NGOs will be working 
on each project to facilitate the farmers 
to organize. They will be required to 
choose any one irrigation engineer up to 
Executive Engineer level from Irrigation 
Department to work exclusively with 
them. The salary to the selected engineer 
will be given one scale higher to promote 
the motivation dimension and to create 
work environment. The Lead NGO may 
decide about the number of projects 
given to the selected engineer depending 
upon the potential of work. Lead NGO 
will transfer the funds to the Field NGO, 
after receiving the recommendation of 
the Irrigation Engineer working with 
Field NGO and verification by 
Irrigation Engineer working with the 



Looking for solution 




Lead NGO. 

The idea not to specify the status 
of Irrigation Engineer here is to provide 
a space for willing persons to execute 
this specialized work. They may also 
feel free to work in the manner decided 
by them and take their own decisions 
with working in the hierarchy. Their 
existence in the new set up will be on the 
basis of the quality of work. 

Conclusion 

The surface water availability is 
limited and the ground water status is 
also precarious in the state. Ground 
water is a crucial resource as more than 
90 percent of the water supply schemes 
are dependent on ground water. Also 
ground water contributes to around 60 
percent of the total irrigated area in the 
state. 

Therefore the primary water 
management concerns, in the state are to 
take care of harnessing of surface water 
and checking the ground water 
overdraft. The local water harvesting 
initiatives can increase the supply in the 
near by area. Such structures can in 
certain circumstances have a significant 
impact on water availability in local 
areas. It is however important to 
evaluate the degree to which they could 
serve as a solution to the water scarcity 
at a regional level. ■ 

*(Author is S. E. in Irrigation Department 
of Rajasthan) 
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WE NEED 



IMPROVED 
WATER GOVERNANCE 

TO ACHIEVE THE MILLENNIUM DEVELOPMENT GOALS ( MDGs ) 





i 



I 



L. K. DADHICH 



Water Governance is complex 
with many forms and contexts and is 
defined as the range of political, social, 
economic and administrative systems 
that are in place to develop and manage 
water resources, and the delivery of 
water services, at different levels of 
society. Water governance is more than 
just good government. It works through 
networks and relationships between 
government, the public, private and 
voluntary sectors, community groups 
and citizens themselves. The 
contribution of these different partners 
is essential for meeting the water targets 
in the Millennium Development Goals. 



Water governance involves 
dynamic political processes of power 
and negotiation, particularly between 
service providers and users. The agreed 
principles of good governance must be 
balanced with context specific 
initiatives. There is a particular need to 
work at the "messy middle " between 
national policymaking and local 
practices. 

Water governance is a significant 
feature of international development 

policymaking. There is an 
increasing consensus on the need for 
improved water governance to achieve 
the Millennium Development Goals. 
Water governance shape water policy 
and management and emphasizes the 
need for integrated water resource 
management, increased participation of 
all water users ( especially women ) in 
financing and management, and a larger 
role for the private sector. Water 
governance is embedded in power 
relations that often lead to the unequal 
distribution of other resources such as 
land and technology. 

There is a continuing need to 
understand how to improve water access 



There is an increasing consensus 

on the need for improved water 
governance to achieve the 

Millennium Development Goals. 
Water governance shape water policy 

and management and emphasizes 
the need for integrated water 

resource management, increased 
participation of all water 
users ( especially women) 



for poor people. Single solutions are 
unlikely to be effective: increasing the 
influence of poor people in water 
governance requires a range of inter- 
related interventions. The role of non- 
governmental organizations in water 
governance is to facilitate community- 
led initiatives that promote self reliance 
and equal access. This is important in 
areas where communities do not trust 
water regulating agencies to protect their 
interests, or fulfill their role as service 
providers and regulators. 

In environmental and 
conservation sciences, the emphasis has 
been on the need for management at 
increasingly large scales, so that whole 
ecosystem processes can continue. 
Environmental management is typically 
carried out by a system of multi-tiered 
institutions, rather than a single 
institution operating at one scale. This 
enables each function to be carried out at 
the appropriate scale. 

This paper is prepared to 
understand water governance as multi- 
layered, multi-dimensional and 
dynamic. There are no simple widely 
applicable arrangements of optimal 
governance that will always yield for 
outcomes. Rather, we see a rich diversity 
of context-specific arrangements shaped 
by wider processes in society. One key 
challenge is assessing how much these 
arrangements are likely to increase 
equity and sustainability in water access. 



*(Author is Vice-Principal in Girls Collage 
Jhalawar, Rajasthan 
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Roll of Religion 



Controlling Water Pollution 




Dr. AJAY VERMA 

Life 
originated 
about 3.5 
billion years 
ago in Water a 
common 
chemical 
substance that 
is now essential 
to all known 
forms of life. In typical usage, water 
refers only to its liquid form or state, 
but the substance also has a solid state, 
ice, and a gaseous state, water vapor. 
Water moves continually through a 
cycle of evaporation or transpiration, 
precipitation, and runoff, usually 
reaching the sea. Earth's waters are 
filled with life. From the earliest and 
lowest organisms such as protozoa to 
the higher mammals such as dolphins 
and whales live in the water. Some 
kinds of animals, such as amphibians, 
spend portions of their lives in water 
and portions on land. Plants such as 
algae grow in the water and are the 
basis for some underwater ecosystems. 
Plankton is generally the foundation 
of the water food chain. About 70% of 
the fat free mass of the human body is 
made of water. To function properly, 
the body requires between one and 
seven liters of water per day to avoid 
dehydration; the precise amount 
depends on the level of activity, 
temperature, humidity, and other 
factors. 

Human Civilization has 
historically flourished around rivers 
and major waterways; Mesopotamia, 
the so-called cradle of civilization, was 
situated between the major rivers 



Tigris and Euphrates; the ancient 
society of the Egyptians depended 
entirely upon the Nile. Large 
metropolises like Rotterdam, London, 
Montreal, Paris, New York City, 
Shanghai, Tokyo, Chicago, and Hong 
Kong owe their success in part to their 
easy accessibility via water and the 
resultant expansion of trade. Islands 
with safe water ports, like Singapore, 
have flourished for the same reason. In 
places such as North Africa and the 
Middle East, where water is scarcer, 
access to clean drinking water was and 
is a major factor in human 
development. In India also the famous 
cities developed on the banks of the 
rivers. First of all we make 
arrangements for the water, whenever 
we develop a living unit. The parents 
never used to marry off their daughters 
to the boys of that village where there 



was a scarcity of water. 

Water is considered a purifier in 
most religions. Major faiths that 
incorporate ritual washing (ablution) 
include Hinduism, Christianity, Islam, 
Judaism, and Shinto. Water baptism is 
a central sacrament of Christianity; it is 
also a part of the practice of other 
religions, including Judaism (mikvah) 
and Sikhism (Amrit Sanskar). In 
addition, a ritual bath in pure water is 
performed for the dead in many 
religions including Hinduism, Judaism 
and Islam. In Islam, the five daily 
prayers can be done in most cases after 
completing washing certain parts of 
the body using clean water (waju). In 
Hinduism, water is used in almost all 
rituals to cleanse a person or an area . 
Water is mentioned in the Bible 442 
times in the New International Version 
and 363 times in the King James 
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Water is often believed to have spiritual powers. In Celtic mythology, Sulis is the local goddess of thermal springs; in Hinduism, 
the Ganges is also personified as a goddess, while Saraswati have been referred to as goddess in Vedas. Also water is one of the 
"panch-tatva"s (basic 5 elements, others including fire, earth, space, air). 



Version: 2 Peter 3: 5(b) states, "The 
earth was formed out of water and by 
water". 

Some faiths use water especially 
prepared for religious purposes (holy 
water in some Christian 
denominations, Amrit in Sikhism and 
Hinduism). Many religions also 
consider particular sources or bodies 
of water to be sacred or at least 
auspicious; examples include Lourdes 
in Roman Catholicism, the Zamzam 
Well in Islam and the River Ganges 
(among many others) in Hinduism. In 
Neo-Paganism water is often 
combined with salt in the first steps of 
a ritual, to act as a purifier of 
worshippers and the altar, symbolizing 
both cleansing tears and the ocean. In 
Hinduism all the water bodies are 
considered holy. Water is also 
considered as god in Hindu mythology 



(JalDevta). 

Water is often believed to have 
spiritual powers. In Celtic mythology, 
Sulis is the local goddess of thermal 
springs; in Hinduism, the Ganges is also 
personified as a goddess, while 
Saraswati have been referred to as 
goddess in Vedas. Also water is one of 
the "panch-tatva"s (basic 5 elements, 
others including fire, earth, space, air). 
Alternatively, gods can be patrons of 
particular springs, rivers, or lakes: for 
example in Greek and Roman 
mythology, Peneus was a river god, one 
of the three thousand Oceanids. In 
Islam, not only does water give life, but 
every life is itself made of water: "We 
made from water every living thing" . 

The Greek philosopher 
Empedocles held that water is one of the 
four classical elements along with fire, 
earth and air, and was regarded as the 



ylem, or basic substance of the universe. 
Water was considered cold and moist. In 
the theory of the four bodily humors, 
water was associated with phlegm. 
Water was also one of the five elements 
in traditional Chinese philosophy, along 
with earth, fire, wood, and metal. Water 
has been a symbol of purity and it 
purifies as preached by every religion. 

^ ^TT *fftfi, hh*i, 1 1 ■ 



"(Author is lecturer in Department 
of Zoology, RR College, ALWAR, 
Rajasthan) 
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PARTNERSHIP FOR DRINKING WATER SUSTAINABILITY 



Continuing Challenges? 




■ MAYANK MOHAN MISHARA 




A challenging 
scenario presented 
itself to all those 
concerned about 
and involved with 
water in its varied 
dimensions at the 



millennium. Despite occasional good 
monsoons, the first five years of the new 
millennium witnessed the cumulative 
impact of years of poor rainfall in many 
parts of the country. Near drought 
conditions did little to help recharge 
already precarious ground water tables, as 
data in the earlier part of this approach 
paper shows. Unregulated mining of water 
and un-coordinated use for irrigation and 
industry only highlighted the deleterious 
effect of the absence of a rational and 
integrated water policy framework. 
Technocratic approaches of the agencies 
providing water did not lend themselves 
adequately to stakeholder inclusive 
methods and lacked capabilities to 
enhance peoples' participation. Absence 
of a sense of ownership and alienation 
from meaningful association led to a lack 
of involvement of the users and 
stakeholders water management and 
reluctance to participate in ensuring 
sustainable drinking water use practices. 
Coupled with a dated approach and 
complaints of inefficient service delivery, 
the water crisis presented itself as a 
complex multidimensional problem 



calling for inputs from a variety of 
disciplines, perspectives and 
experiences. 

The goal of the welfare state to 
ensure drinking water security, in the 
decades following the 1960's, saw the 
emergence of water praxis largely driven 
by the 'supply' approach. The 
compulsion to provide secure water at 
the earliest, resulted in the creation of 
a large technocratic set up under the 
aegis of the state, which planned, 



executed and implemented rural 
water supply schemes. Central to the 
scheme of things was the role of 
professional water engineers, who 
subscribed to a supply driven 
approach, focusing primarily on the 
exploitation of ground water, to 
ensure supply of drinking water, 
initially by installing hand pumps 
and subsequently through overhead 
tanks and pipelines. While in the 
immediate present, the approach 
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Though totally unintended, the devaluation of traditional water management knowledge and skills played a 
major role in the erosion of community based traditions of water use, conservation and protection from 
overuse and the decline of community generated and grounded initiatives to conserve local water sources. 



environment, resulting eventually in a 
rapidly depleting ground water table and 
the growing threat of water insecurity. 

The centralised, supply focused 
water management system led to yet 
another unintended effect, which has 
only recently received critical attention. 
A centrally planned approach inevitably 
results in the undesired distancing of the 
community both from the problem and 
the urgency of sustainable 
solutions, displacing traditional 
practitioners and water management 
systems with the eventual likelihood of 
marginalizing the local community from 
effective water management practices. 
Though totally unintended, the 
devaluation of traditional water 
management knowledge and skills 
played a major role in the erosion of 
community based traditions of water 
use, conservation and protection from 
overuse and the decline of community 
generated and grounded initiatives to 
conserve local water sources. By way of 
a corollary, any attempt to revive or 
reinvigorate the drinking water sector 
would, therefore, necessarily have to re- 
discover best practices from old 
systems and integrate them with the 
knowledge gained from modern 



experiences. 

The nineties represented a period 
of critical churning and vigorous 
examination of the supply driven, 
technology oriented, government 
centered and implementation focused 
approach of the previous decades. As 
the Tenth Plan Approach Paper to the 
Planning Commission noted, 
"Emphasis must be laid on the 
participation of stake holders at all 
levels, from planning, design and 
location to implementation and 
management. Presently, water supply 
projects are designed and executed by 
the implementing departments and 
passed on to end users... this calls for 
radical change in the management 
system. Rather than being supply- 
driven, the decision relating to 
installation of water supply schemes 
should be based on the level of local 
demand and capabilities to meet the 
responsibility for operation and 
maintenance". 

The pressing water crisis created 
the need to come up with new solutions 
and called for an important change in 
public policy, shifting the focus away 
from state or government driven 
mechanisms of water management to 
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sytems based on increased participation 
of the community, local bodies and 
stake holders. However, as 
theworsening water crisis indicates, the 
changed approach did not really take 
roots or result in the creation of 
alternative solutions or systems. The 
present initiative to create a more 
forward looking policy perspective gains 
relevance is framed by precisely these 
contextualities and constraints. For the 
sake of clarity, the otherwise seamless 
process is presented as four shifts. 

1. From Access or Coverage to 
Service Delivery: Examining Issues of 
Efficiency Vis-a-vis Effectiveness 

An interesting shift, worth 
examining, that occurred with the 
changed thrust of a people-centred 
water policy was the questioning of 
previous strategies which focused on 
increasing coverage or access to water 
and examining effectiveness in water 
delivery systems. This in turn, revised 
the standards of validating and 
measuring the performance of the 
existing water supply systems from 
those of 'efficient' functioning of the 
water supply systems to 'effective 
service delivery mechanisms' in 
ensuring adequate supply of safe 
drinking water at regular intervals. 

This approach, in effect, was 
rooted in the view wherein the citizen 
being supplied with water was 
considered not merely a consumer 
served by the water delivery system but 
as a stake holder with a right to safe, 
adequate and regular water. By 
acknowledging the right of the citizen, 
the water department was recognizing 
and reflecting a shift, in self perception, 
from being sole determinants of all 
water related policies, planning and 
implementation to being one of several, 
albeit important, players in the water 
field. 

The 'Efficiency vis-a-vis 
Effectiveness' approach resulted in 
systematic examination of approaches, 
practices and experiences as they 
prevailed within the functioning of the 
organisation. It has also led to an 



attempt at bringing about attitudinal 
changes amongst different sections of 
the technocracy and within the state 
agencies as also to effect institutional 
transformation within the organization 
to align it with the changed modes of 
functioning. 

2. Providers to Partners: 
Towards Water Citizenship New 
Frame of 'Water Governance' with 
the Citizen at the Center 

The examination of efficiency of 
water delivery led to a focus shift in the 
assessment of the characteristics of 



outcomes i.e. effectiveness with which 

they performed and ensured 
satisfactory delivery of the services, 
acknowledging these to be a right of the 
citizens. While acknowledging 
'citizenship' rights, the arena of citizen 
responsibilities in managing a scarce 
resource were brought into the frame of 
the partnership to put in place with the 
communities accessing drinking water. 

3. The Sustainability 
Enhancement Approach: Ensuring 
Conservation with Social Justice 
/Equity 



the norms of equity, non-discrimination 
and social justice. 

Accepting that the thrust water 
service delivery efforts would address 
adequate water not only in the present 
but also the future brought the 
sustainability perspective to the center 
of a vision of access to water, involving 
issues of conservation and scientific, 
rational and appropriate use of water. In 
sum, the sustainability approach would 
have to be rooted in a holistic, integrated 
and multi-dimensional perspective on 
changes in the water sector. 






efficient system functioning, covering 
issues of cost-efficiency, optimal system 
functioning, reducing wastage and the 
like. 

The focus of examining 
effectiveness of service delivery and in 
the present context, the provision of 
safe, regular and adequate water, 
brought to the centre of the debate, an 
important facet; namely, the water 
providers responsible for delivery of 
services were also accountable for the 



The changed perspective of 
examining system performance around 
issues of efficiency and effectiveness is 
however foregrounded on a much more 
pressing imperative; ensuring the 
sustainability of water system. Such an 
approach, by its very nature implies that 
the thrust of all water service delivery 
efforts would ensure not just continuous 
supply of adequate water to all people 
for the present and the future but the 
service would also be circumscribed by 



4. Partnership for Drinking 
Water Sustainability: Toward 
Enlightened Water Citizenship 

The challenge confronting the 
drinking water sector is multi faceted 
and multi-dimensional today. Defining 
the challenge of partnership of the 
service provider with the user 
community evolving to an enlightened 
water citizenship of the numerous 
partners will remain an on going 
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process. The challenge of partnership 
will begin by addressing the following 
key concerns. 

Dimensions of the Challenge 

1. The first concern is 
strengthening water security by 
ensuring the supply of adequate 
amount of safe drinking water to all 
citizens of the state in a manner which 
does not further endanger the already 
precariously poised water system, in 
other words, in a manner ensuring 
sustainable and safe water utilization 
systems. 

2. The second concern lies in 
encouraging and enabling active 
partnerships with a shared goal of 
building sustainable water systems 
between government departments, local 
bodies, actual stake holders and wider 
representatives of civil society. 

3. The third concern is concrete 
efforts towards institutional 
transformation of both formal and 
traditional water management systems 
to ensure restructuring water access 
systems which would realize new norms 
of conservation, appropriate use of 
technology, knowledge and skills, and 
approaches based on values of equity 
and social justice thereby resulting in 
better functioning of the water 
institutions and effectiveness of water 
delivery services. 

4. The fourth concern is 
concurrent work towards reviving 
traditional water bodies and 
management systems while sensitizing 
and empowering stake holders and local 
community to play more active and 
intense role in managing the water 
systems 

5. The fifth concern is achieving 
convergence and coherence in policy 
formulation, planning and 
implementation to bring about 
'Convergent Community Action' by 
bringing together state service provider 
community and officials with an 
informed, involved and active 
community. 

6. The sixth concern is creating a 
sense of common ownership, identity of 



interest and understanding of mutually 
complementary roles of the various 
stake holders aimed at enabling 
sustainability of water systems. 7. The 
seventh concern is concrete work for 
capacity building of different stake 
holders including government officials, 
women and local communities, local 
bodies, NGO representatives and 
elected representatives 

8. The eighth concern is 
strategically utilization of the 
technocratic and managerial expertise 
of the state agencies as the starting point 
to transform the organisation into a 
more people focused, community 
responsive and publicly accountable 
organisation. 

Building Blocks of the Sustainability 
Approach 

The thrust of the sustainability 
approach recognises the primacy of four 
factors: 

Resources - Sensitivity to the fact 
that water as the primary resource, is 
finite, limited and precariously 
positioned today thereby calling for a 
comprehensive, holistic and integrated 
plan for conservation, utilization and 
management which would ensure 
sustainable access. 

Practices - Encompassing water 
supply, delivery and use practices 
amongst the diverse consumers of water 
built on the presumption that changes in 
practices, reflecting the norms 
underlying the sustainability approach 
and rooted in values that will 
acknowledge the rights of citizens, 
ensure equity in supply and stimulate 
participation of all sections of the 
partner communities, are imperative. 

People - Recognising the 
importance of an equal role for all 
people irrespective of differences 
amongst themselves, thereby inviting 
and sustaining their involvement and 
participation in all programmes aimed 
at ensuring sustainable water delivery 
system, based on a sense of common 
ownership, shared responsibility and 
mutual respect for all. 



The task of bringing about 
sustainable water systems therefore 
requires a serious examination of 
current perspectives, practices and 
policies relating to use of water as a 
resource. Implicit in the changed shift in 
focus is the following: 

Shifting from a perspective of 
water as a resource to be 'exploited' to a 
rational appraisal of water as a limited 
and finite resource which needs to be 
conserved, managed and used in a 
sustainable manner. 

Creating Partnerships for Drinking 
Water Sustainability 

The proposed perspective looks at 
changes in policy and legal framework 
which seeks to shift the approach from 
implementing new schemes to 
management of the drinking water 
sector. The shift from exploitation of 
water to conserving water to sustainable 
management of water requires the 
active involvement of the various stake 
holders, including state agencies by 
ensuring a unique 'Partnership in 
Drinking Water Sustainability'. 

The Partnership is premised on 
the following principles: 

1 . Acknowledging the fact that 
while not all players may play similar 
roles and share same responsibilities all 
partners play an equal role and should 
have a say in ensuring sustainability. 

2. Acknowledging that true 
partnership cannot be the sole 
responsibility of any single entity or 
player but that all persons and groups 
have a responsibility to invest in and 
nurture the partnership even while the 
stronger player, the state agencies have a 
greater responsibility to play a critical 
role to see that norms of equity, social 
justice and non-discrimination are 
followed in policy and practice. 

3. Respecting that such 
partnership in an unequal society must 
remain sensitive and responsive to 
issues of social justice and the 
imperative of reaching the unreached, 
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i.e. the socially excluded and 
marginalised groups including women, 
children, aged, dalits and other such 
socially and economically deprived 
segments. 

4. Realizing that the partnership 
will necessarily be responsive to the real 
need of water and is a measure of the 
community's (i) involvement (ii) 
interest and (iii) Investment (of any type 
including of labour, time and 
resources). 

5. The partnership would aim at 
involving the community in 

♦ Planning and decision making 

♦ Investment 

♦ Implementation 

♦ Usage 

♦ Managing and Regulating. 

6. The partnership aims at 
creating shared ownership to 
ensure: 

♦ Equity in access 

♦ Equity in allocation 

♦ Monitoring. 

♦ Conservation of Resources 

♦ Self Management 

The five cornerstones of the 
Partnership in Drinking Water 
Sustainability' are:- 

♦ Conservation 

♦ Partnership 

♦ Community ownership 

♦ Self Management 

♦ Democratic decision making 

Mindset shifts 

The need for attitudinal shifts 
amongst the state officials hitherto in 
charge of water supply schemes and 
covering the varied stake holders and 
citizens groups involved in the water 
sector covering consumer groups, 
NGOs, water user groups and civil 
society organisations cannot be 
overemphasized. The requisite, of a 
conscious change in addressing the 
other, acknowledges the difficulties 
inherent in power holders having to 
voluntarily share their powers and 



authority with others, who until 
recently were the recipients of their 
munificence and subjects of their 
largesse. But this shift also calls for 
sensitivity and pro-action based on the 
belief that mere devolution of power 
without empowering people, through 
training and capacity building to handle 
the new responsibility of being co- 
owners in sustainably managing water 
resource, will end up in reducing the 
new perspective to mere ink on paper. 
Just as it is difficult and emotionally 
wrenching for a person in power to 
relinquish it, it is equally difficult for a 
person till recently not having been 
allowed responsibility to being made 
accountable for a new role as co owner. 
This is especially so when the larger 
populace has become habituated to 
hand outs given free to them without 
any obviously stated responsibility to 
maintain the services offered to them. 

Shifts in Roles and Responsibilities 

Learning to take charge of new 
systems entails all the players in the 
water field assuming new roles and 
responsibilities. Thus merely assigning 
powers over planning, implementation 
and monitoring water systems by 
itself will not produce expected results 
unless it is accompanied by capacity 
building of the non-technical stake 
holders. Equally critically, different 
players should be enabled to perceive 
the wider dimensions of the new policy 
framework before they can identify the 
role they can play and the 
responsibilities they would need to 
shoulder under the new dispensation. 
To make the partnership truly relevant 
and successful there should be as much 

clarity about the roles that 
different stake holders have to play as 
their responsibility in maintaining the 
systems in a sustainable manner. To 
summarise, what is called for is a 
combination of the three changes 
typologies. 

♦ attitudinal transformation, 

♦ perspective change and 

♦ institutional reorientation. 



The Path Ahead: Breathing Life into 
Concepts 

The greatest challenge before the 
water sector today is to initiate relevant 
changes towards achieving full 
partnership in the goal of water 
sustainability. The following three types 
of initiatives may be considered as part 
of the process of actualizing the new 
perspective of sustainability 
enhancement approach. 

1 . Governance Initiative The Change 
Management Programme 

2. Creating Service Delivery 
Improvement Partnerships 
Towards Total Community 
Water Management 

3. Creating Consensus through 
Consultations Investing in 
consultations as a process of 
evolving consensus on strategies 
to ensure sustainability of water 
programmes. 

1 . Governance Initiative 

♦ Governance is a two-way 
process involving stat institutions 
and civil society 

♦ Governance is not just about 
procedures and practices but also 
about ATTITUDES, 
SENSITIVITIES and 
SENSIBILITIES. 

♦ Governance is not inherited but 
LEARNT. 

♦ Governance encompasses the 
state but also TRANSCENDS 
the state. 

♦ Governance involves the civil 
service, civil society 
organizations and citizens in a 
CRITICAL, CONTINOUS and 
COLABORATIVE 

♦ Good governance is about 
Democracy with Development 
and Dignity." 

The initiative would need to focus on the 

following types of changes : 
i) Attitudinal changes of members of 
the organization - Addressing the 
manner in which individuals 
perceive their own roles and 
functions and nature of relationship 
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between themselves, the Water 
Board and the community at large. 

ii) Attitudinal changes within the 
organisation - Encompassing the 
manner in which the organisation 
relates to the ordinary citizen, now 
being addressed as a 'consumer' of 
the services offered by the Board, 
with the aim of reaching the 
unreached. 

iii) Attitudinal Changes of key stake 
holders - Focusing on a 
concurrent change in the way other 



stake holders and the community at 
large also perceive the relevance and 
importance of the Board and the 
services it offers. This is premised 
on the fact that where people see 
possibilities of meaningful and 
purposive interaction with the 
service provider they will naturally 
engage in a sustained relationship 
for mutual benefit, leading to 
sustainable and equitable services. 
What is critical to the process of 
governance reform is the active 
involvement of various stake 
holders and a clear definition of the 
roles and responsibilities of various 
players. It is in this background that 
the task of formulating a 
programme which will invite and 
persuade different social sectors to 
participate in the exercise to 



democratize water management. 

2. Creating Consensus through 
Consultations 

Consensus seeking through 
participatory democratic community 
process is the key to the entire change 
process. The effort to maximize 
inclusion and spread the web of 
democratic relations as wide as possible 
is central to evolving consensus on key 
elements of the reform process. Energy 
of the sector is invested through a 



process of organizing consultations at 
different levels, from the individual 
village to the local, regional and state 
levels and amongst all the various 
players in the water sector. The 
consultations are premised on 
recognizing the value of the experience, 
skill and knowledge of all persons and 
groups and giving equal opportunities 
for all persons to share their views, 
opinions and perspectives. Maximizing 
the bonding between the participants of 
the consultations and utilizing their 
energies to widen the web of the 
involved in central to the process of 
widening circles of consensus. The 
present initiative is meant to move the 
reform process currently underway 
within the state agency to reach out to 
and include all the various stakeholders 
and civil society representatives. 



3. Creating Service Delivery 
Improvement Partnerships 

The initiative to create 
consensus and widen the frame of 
democratic water management requires 
to ground itself initially in the form of 
Service Delivery Improvement 
Partnerships. The partnerships between 
citizens (service providers and service 
seekers) undertake the task to evolve a 
consensus on the standards relating to 
efficient and effective delivery of water 
services to the people, as the initial 
effort to put in place a participatory 
democratic governance institution that 
cares for water from recharge to 
conservation to management of sullage 
and sewage. Amongst other things the 
Partnership would aim to: 

♦ Benchmark the optimal levels of 
service and evolve consensus on 
proposed service standards to be 
adopted in the short, medium 
and long term. 

♦ Create a consensus regarding 
enforcement and monitoring of 
service standards, the manner of 
reported and supportive 
management information 
systems. 

♦ Identifying organisational and 
system arrangements to ensure 
standards are met. 

♦ Investing in human resources, 
supervision and appraisal 
arrangements to ensure that 
partners function in accordance 
with the changed vision and 
principles of action. 

♦ Providing grievance cells or 
complaints gathering systems 
who will undertake the task of 
identifying and rectifying failures 
to deliver the promised 
standards. 

♦ Evolving financial management 
systems to collect data on the unit 
costs of key services and provide 
information for standard and 
priority setting in subsequent 
years. ■ 

*(Author is working with an 
rural development NGO) 
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People's Participation in ensuring Water & Water Quality 



AN EXPERINCE FOR ALL 
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■ UPENDRA K. SINGH 

Water a synonym to Life certainly 
got space next to life. We have to reverse 
the thoughts for providing priority to 
Water in human life. For mankind water 
remains a basic need. It influences and 
alters the social, cultural, political and 
religious heritages of different 
communities. 

The need for plentiful supply of 
water is universally perceived and 
demanded. However, much importance is 
not given for sustaining the water source 
and the quality of water. The same has got 
limited level of displacement when 
government alone thought of 
ensuring the water source sustainability 
and Water Quality. Thus, role of people 
definitely got important place in whole 
drive for water and water source 
sustenance and its quality. 

As water determines the quality of 




Human Life - it ensures better social, 
economic and health on an individual. 
Unsafe drinking water and poor 
environmental sanitation cause major 
health problem to the community. Safe 
drinking water must be free from 
bacteriological and chemical 
contamination. 

The bacteriological 
contamination in drinking water may 
cause diahorrea, dysentery, typhoid 
fever, cholera, jaundice etc. Dental, 
Skeletal and non-skeletal fluorosis may 
be caused due to presence of excess 
fluoride in drinking water. 

Water quality monitoring and 
surveillance plays a major role for 
sustainable safe water supply. The task 
is tremendous. This can only be 
achieved when common people should 
involved namely, Children, Youth, 
Families and Community are involved 
in the water conservation, harvesting, 




quality monitoring and surveillance. 
Thus role of People's participation is 
greater to ensure the Water 
sustenance and Quality of water. 

Experience with Eco-water 
Literacy Programme: 

How School Children helped 
in creating knowledge on Water 
conservation & Fluorosis -A Case of 
Newai Block, Tonk 

The Key purpose of the project 
was to create awareness and 
education on drinking water, rain 
water harvesting, fluoride 
prevention, water quality etc. The 
major actors in the project are school 
children. 

As school children are active 
'change agents'. Through, children 
the families and community 
associated under Eco-water literacy 
project. Also, the villages are focused 
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through its village level institution i.e. 
PSG (Panchayat support Group) which 
are playing a catalytic role in educating 
people on eco-water issue, water 
quality, fluoride and its prevention by 
proper diet and removal by 
deflouridation technique for better 
health of children and the other family 
members. 

The major objectives are stated 
hereunder : 

♦ Creating awareness on water 
management situation 

♦ Creating awareness on safe 
consumption of safe water from 
safe source to intake in the body 
safely (prevention from getting 
polluted in the handling and 
carrying water from source to 
consumption) 

♦ Creating literacy on safe drinking 
water and its requirement for better 
health 

♦ Literacy on relationship with safe 
water and sanitation & hygiene 
education 

♦ Influencing public opinion on water 
issue and eco-water literacy 

♦ Creating awareness and educating 
school children, teachers and 
community on fluorosis caused due 
to intake of drinking water having 
excessive fluoride. 
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♦ Dissemination of information on 
Rain Water Harvesting and 
technology 

♦ Measures to prevent from fluorosis 

♦ Ensuring water rights and 
entitlements of local communities 

♦ Involving children as stakeholder of 
next generation 

♦ Bring behavioral change amongst 
people by transferring knowledge 
through sustained innovative 
campaigns 

♦ Solid attitude formation on eco- 
water literacy through participative 
and innovative methods 

The target group 

♦ School Children both Boys and 
Girls 

♦ Families of children 

♦ School Teachers 

♦ Change agents 

Physical & Outreach 

The project activities at the 
filed level taken up in the month 
December 2006 after getting approval 
of the base line tools from the 
Department of Science Technology, 
GOI&GOR. 

The Key interventions are : 
1. Baseline survey & 
Participatory assessment: The base 
line survey in participatory fashion 



were conducted of schools children, 
School teachers and Village 
households /community to know that 
exact requirement in order to provide 
input for the programme in order to seek 
People's participation in the Water 
Literacy programme and what ways 
should be adopted to change the local 
practices related to rain water 
conservation, rain water harvesting, 
habits to save water, and how to ensure 
potable water. 

At School level pre-test will be 
taken up to assess the knowledge ad 
awareness level of school children on 
water literacy and fluoride issues. 
Similarly, participatory assessment of 
the knowledge and awareness of the 
community on the water issues and 
fluoride issue will be gathered through 
PLA/PRA technique. The pre & post 
assessment will help to measure the 
impact of the Eco-water literacy 
programme in the project area. 

2. Formation of eco-water 
literacy clubs & Trainings of 
members: As envisaged under the 
project 'Eco-water literacy clubs' have 
been formed ineach of the 06 schools. It 
has been formed after educating 
children about the project and the need 
of the Eco-water literacy clubs in the 
school/village. It took almost 3-4 visits 
to each school prior to form the clubs of 
school children. 




In each of the 6 schools an Eco- 
water Literacy clubs were formed 
comprising of 1 5-20 school children. It 
will comprise of both boys and girls. A 
two days training were organized of 
Eco-water literacy club members. These 
members of the eco-water literacy club 
are helping in disseminating the 
knowledge and education amongst 
peers, families and community in 
regular manner. 

3. Training of school Teachers: 

Trainings of School teachers were 
organized to develop capacity on 
various technique and technicality of 
water conservation, handling water and 
ensuring water quality. The local PHED 
and DST officials were involved in the 
process of trainings. 

4. Meetings at Village 
level/Panchayat support Group level: 

From December 2006, onwards 
including schools, meetings have been 
organized every month on educating 
community and PSG members (a 
village level institution formed in 
every village under integrated village 
planning process). Women and other 
PRIs members are also involved in the 
whole exercise. 

Meetings at Village level 

The major issues of the meetings: 

♦ Bacteriological contamination in 
drinking water source and 
storage at HHs level. 

♦ Relatively high Fluoride level in 
the drinking water in the villages 
namely the Hand pumps and 
community well. 

♦ How to get freedom from 
bacteriological contamination. 

♦ Role of community/PSG/VYV 
in water quality monitoring & sur 
veillance. 



♦ The health hazards due to intake 
of contaminated water. 

♦ How to prevent drinking water 
source from bacteriological 
contamination. 

♦ Where support is available for 
getting bleaching powder and AA 
filter for getting fluoride free 
water. 

♦ The Community had also talked 
about their views regarding the 
received tank of Nalgonda 
technique free of cost about 4-5 
years back. They reported in the 
meeting the technique was not 
easy and getting chemicals for 
mixing into water to deflouridate 
water was not readily available. 
They were not very skilled in use 
of chemicals in required quantity. 
They have been told about the 
functioning and maintenance of 
AA filter and 4 HHs were order 
for AA filter. 

5. Demonstration of Fluoride 
testing Exhibition & demonstrations: 

The exhibitions & demonstration 
were organized atleast once in a month 
in every village at school level and 
community level in collaboration with 
Local Education department 
DPEP/Sarva Shiksha Abhiyan, 



Schools and Community level 
institutions. The major components 
were demonstration and exhibition 
stall was exhibited. 

In the 4-5 hours exhibitions, in 
additions to it demonstrations were 
done on rain water harvesting 
technique, disposal of waste water, 
water quality testing etc. 

Also, various competitions were 
organized for school children, non 
going children, women etc. on the 
central theme of water conservation 
and water quality. The winner of the 
competitions were given award in the 
form of items of utility (long handle 
laddie, note books, wall clock, pen), 
shields etc. In the distribution of awards 
to the awardees the local PRIs 
(Sarpanch, Ward Panch) School 
Headmaster, Old Women of the village 
were involved. At Block level BDO and 
SDO, BEEO, BRCF were also involved. 

The major attraction of the 
exhibition was demonstration of 
Fluorosis, rain water harvesting, 
importance of rain water conservation, 
water quality, safe and unsafe drinking 
water, demonstration of Activated 
Alumina technique for removal of 
excessive fluoride in the drinking water, 
food habits for neutralizing the effect of 
Fluorosis and sanitary practices etc. 

Communication maintains and 
animates one's life. It is also the motor 
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and expression of social activity and 
civilization. The task of 
communication become even more 
complicated and subtle - to contribute 
to the liberation of mankind from want, 
oppression and fear and unite it in 
community and communion, solidarity 
and understanding. 

Key Initiatives: 

♦ The VYV tied up for 
chlorination of wells and got the well 
chlorinated (getting bleaching powder 
from local PHC). 

♦ The water source near school was 
cleaned by school children and 
school level committee members. 

♦ The defunct bore wells/ wells 
were used in rain water diversion 
for recharging of ground water. 

♦ The school filters of AA were put 
in regular uses which were earlier 
kept in store. The 
community/PSG and local VYV 
taken up responsibility of water 
quality testing and chlorination. 

♦ HHs demanded for AA filter. 

♦ Community contributing for 
Hand pump repair. 

♦ PSG contacted PHED for Hand 
pump repair and helping in repair. 

♦ Families are storing water safely 
after cleaning the pots /container. 



♦ Use of Long Handle ladle at HH 
level. 

Impact Visible & Learning's 

♦ Increasing Knowledge and 
Awareness amongst school 
children and school teachers 
about Fluorosis, water quality 
andwater conservation. 

♦ Children are best change agents. 

♦ Increasing in eco-water literacy 
amongst community. 

♦ Increasing sensitiveness of water 
quality and Fluorosis. 

♦ Facilitated addressing the water 
issue by local administrator, local 
MLA & PRIs and CDECS efforts 
has been appreciated to work on 
water quality and 
awareness/literacy in schools and 
community. 

♦ School children united on the 
issue of water and acting as 
catalyst and change agent 
amongst peers, family and 
community. 

♦ Proper use of Activated Alumina 
filters for removal of excessive 
fluoride from drinking water in 
Schools. 

♦ Households Families now enquire 
about the Domestic 
deflouridation filters, its costs, 



availability and use technique. 
It has been understood that mere 
sending messages from one end to 
another (beneficiaries) in a linear 
or circular fashion does not 
necessarily lead to 
communication. There should be 
sharing of ideas, meaning, 
thoughts and feelings. This must 
to lead to action. 

The demonstration techniques are 
the best to mobilize peoples and 
seek People's participation. 
Involving children helps in wider 
dissemination of information 
related to water in the families 
and community. 

The system of meeting the local 
water needs and then taking 
people for larger whole. 
Need to focus on demand 
responsive approach rather then 
supply based. 

Local institutions are key to 
Peoples participation in ensuring 
waterconservation and 
sensitization on water quality. 
Good technical components are 
the preconditions of success. 
Building human capabilities is 
pivotal to success of the water 
conservation and people's 
participation. ■ 

*(Author is working with an 
rural development NGO) 
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A WAY TO SUSTAINABILITY 



COMMUNITY PARTICIPATION 




O.P.GOYAL 

Government of 
Raj asthan is 
executing an 
Integrated Water 
Supply, Sanitation, 
Health Education 
and Community 
Participation 
project estimated to 
cost US $100 
million in its first phase to provide 
sustained water supply, Sanitation and 
Health Education to about 400 villages 
with the assistance of Govt, of India and 
Govt, of Germany (through KFW). The 
main objectives of the project are to 
provide sustained/ regular water supply, 
improving Environmental Sanitation and 
Health scenario, Creating awareness to 
value water and stop its wastage, Payment 
towards water and finally Creating sense of 
Ownership amongst masses. To achieve 
the objectives of the project, help of the 
community has been organised right from 
the stage of planning to execution and then 
during Operation & Maintenance. 



The community participation 
and sanitation are organised through 
an autonomous organisation CPU. The 
village distribution system is laid in the 
trenches excavated by the villagers 
through voluntary labour. Site 
identification for Stand Posts and 
Cattle Water Troughs is decided by the 
villagers. Maintenance and repair of 
the distribution system within the 
village is the responsibility of Water 
Health Committee (WHC) of the 
village which also decides a model for 
collecting water charges from villagers. 

The WHC and Women Group 
have greatly helped in significant 
improvement in the sanitation level 
within the village, greatly enhanced 
consciousness for water conservation 
and check water wastage. One of the 
significant out come of involvement of 
the community and cost recovery is 
enormous saving of water. The long 
queues of women and children at the 
stand post have almost disappeared. 

So far 335 villages are getting 
24 hours regular water supply at 
designed pressure on sustained basis; 
people are managing water supply 
within the village and are paying water 
charges on regular basis. Sanitation 
and Health status in the villages 



covered have greatly improved. 

BACKGROUND 

Raj asthan state is located in 
northwest part of India and has the 
largest area. It has an area of 5.4 lac 
sq. KM, with 1991 census population 
as 56.4 million. The state comprises 
nearly 10% of country's area and 5% 
of its population, but it has only 1% 
of the total water available. The state 
is characterised by extremes of 
climatic and geographical 
conditions; the southeast region 
receives fair to good monsoon 
whereas the northwest region suffers 
from scanty and erratic rainfall. 
About 1.88 lac sq. Km area of the 
state is part of vast Perso-Arabian 
(Great Indian Thar) Desert, which 
inhabits about one third of the state's 
population. As availability of surface 
water is very much limited, drinking 
water requirement is mostly met 
from ground water sources. The 
quality of ground water is a major 
cause of concern. Ground water 
quality in more than 50% villages is 
not fit for human 
consumption(Unpotable). There is 
serious problem of excess fluorides in 
almost 60% villages, excess salinity in 
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40% villages and excess Nitrate 
problem in 50% villages. Thus one can 
term the state as Museum of drinking 
water problems, consortium, 
consultants in 1991 to look into the 
problem and suggest probable solution. 
It undertook study in Churu district and 
adjoining Jhunjhunu and Hanuman 
districts. The project area covered about 
20000 Sq.Km having 956 villages and 
11 towns. The project area has an arid 
climate of semi arid type with 
temperatures ranging from (-)2 in 
winters to 48°C during summers with 
limited areas of rain fed agriculture. 
Notwithstanding these adverse 
conditions, animal husbandry is an 
integral part of the economy. 
Infrastructure is not very much 
developed nor is industry. The same 
applies to the educational and medical 
facilities of this rural area. The 
backwardness of the area is also 
reflected in low literacy rate, not 
exceeding 10% among rural women as 
per feasibility report. Social structures 
are dominated by traditional behaviour 
patterns. The income of the rural 
population is low. 

PRE- PROJECT SITUATION 

During pre-independence 
period, people were mostly dependent 
on rain water as ground water was 
highly saline and not potable. Rain 
water harvesting was most commonly 



practiced in both Urban and Rural 
areas. It was individual based in urban 
areas but Community based in Rural 
areas. Rain water used to be collected in 
underground covered tanks with 
protected catchment around the tank. 
The tank opening used to be locked and 
water use was almost rationed. 
However, due to very frequent failure of 
rainfall, people were required to either 
migrate or transport water from long 
distances during scarcity periods. In any 
case, it was the poor people who were to 
suffer potable. Rain water harvesting 
was most commonly practiced in both 
Urban and Rural areas. It was 
individual based in urban areas but 
Community based in Rural areas. Rain 
water used to be collected in 
underground covered tanks with 
protected catchment around the tank. 
The tank opening used to be locked and 
water use was almost rationed. 
However, due to very frequent failure of 
rainfall, people were required to either 
migrate or transport water from long 
distances during scarcity periods. In any 
case, it was the poor people who were to 
suffer from water scarcity. It was a 
common experience that people feared 
that guests would ask for water to drink. 
They were more willing to offer milk 
and butter rather than Water to the 
guests. 

After independence in 1947, 
the state and central governments 



looked into this gigantic problem. 
Water supply schemes were provided 
for large number of villages by tapping 
ground water sources wherever 
available, ranging from 5km to 50 kms. 
These schemes were mostly for a group 
of villages as water sources were 
limited. However, the quality of water 
of these sources was not as per 
standards in general, but far better than 
the locally available ground water. 
Secondly, the water sources tapped for 
the schemes were not sustainable on 
long term basis. 

Meanwhile, Government Of 
Rajasthan (GOR) was executing a 
major canal project to bring water of 
Himalayas to the desert area.. GOR, 
therefore, sanctioned a water supply 
project from canal water with rate of 
water supply as 70 LPCD for about 300 
villages of Churu district in early 
eighties. The project implementation 
was a serious problem on account of 
lack of infrastructure and hostile 
environment. The availability of 
Electric Power was most erratic and 
Roads were almost non-existent. 

Notwithstanding government 
making huge investments on water 
supply infrastructure in Churu district, 
people were not relieved of drinking 
water problem. The quality of water 
supplied was not satisfactory, the supply 
was erratic and not dependable. The 
people of the tail end villages of 
Regional(group of villages) schemes 
used to starve for water. 
The limitations of these 
schemes/projects may be summarised 
as below: 

♦ Inadequate time for overall 
planning. 

♦ Political interference in Technical 
planning. 

♦ Lack of supervision. 

♦ Absence of cost recovery concept 
resulting in waste of water. 

♦ Indifferent public attitude to 
water supply system. This results 
in poor upkeep of the system and 
frequent damages/ breakdowns. 

♦ Grossly inadequate logistics 
support to executing agencies. 
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Estimated cost(present) 


Phase-I 


Rs. 400 crores 


Total 


Rs. 1200 crores 


Area Covered km 2 


Phase-I 


7500 km 2 


Total 


20,000 


Population served 


Phase-I 


900,000 


Total 


2,600,000 


Number of villages 


Phase-I 


378 


Total 


1,000 
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Urban per capita supply 


Phase I 


70 Litres 


Phasell 


90 Litres 



♦ Erratic and inadequate power 
supply. 

♦ Lack of O & M culture. 

THE PROJECT BACKGROUND 

The broad objectives of the 
project are as below: 

♦ Providing regular drinking water 

♦ Improving Environmental 
Sanitation and health scenario 

♦ Empowerment of Community 
and specially Women 

♦ Creating Awareness to value 
water, stop its wastage 

♦ Payment towards water 

♦ Creating sense of Ownership 
amongst masses 

The global project recommended by the 
consultants was estimated to cost 
Rs.847.6 Crores($200m appox.) at 1992 
prices and envisaged water supply to 1 1 
towns and 956 villages. Looking to 
financial constraints, GOR sanctioned 
Phase I of the Integrated Rural Water 
Supply, Sanitation and Health 
Education Program at an estimated cost 
of Rs.253 Crores ($60m appox.) in 
1994. The main features of the project 
are as follows: 

♦ Dedicated 33 KV electrical grid 
with over 300 km of transmission 
lines and 15 switchyards 

♦ 3 Raw Water Reservoirs with a 
total capacity of nearly 3 million 
m 3 

♦ 2 Water Treatment Plants with 



total capacity of 6750 mVhr. 

Rehabilitation of 2 Water 

Treatment Plants with total 

capacity of 1800m 3 /hr 

2 Raw water pumping stations 

with total capacity of about 

4000m3/hr 

4 Clear water pumping stations 
with total capacity of about 
8,000m 3 /hr 

13 cluster pumping stations of 

varying capacities 

43 RCC Elevated Service 

Reservoirs(ESR) with storage 

capacities 

from 250m 3 to 1250m 3 

93km of 1100mm and 35km of 

900mm PSCC transmission pipe 

lines 

400 km of 150mm-350mm DI 
rising main 

1 600 km of 90mm to 3 1 5mm P VC 
distribution pipe lines 
rehabilitation of existing AC 
pipelines up to 600mm dia. 
village distribution systems with 
Public Stand Posts(PSP) and 
Cattle Water Troughs(C WT) 
Urban Sanitation measures with 
storm water retention reservoirs 
and pumping stations 
supporting elements like Voice 
and Data Communication 
systems,headquarter at Churu 
with Master Control Centre and 
Regional Workshops 



Key Community Participation 
Features 

Water Health Committee (WHC) 
has broadly following functions: 

♦ Village level Water Distribution 
Management 

♦ Site selection of PSPs&CWTs 

♦ Arrange voluntary labor for trench 
excavation inside the village 
to build ownership of the scheme 

♦ Responsible for O&M of all assets 
within the village 

♦ Responsible for collecting and 
depositing with GOR security 
money equal to one month's water 
charges and regular 
monthly charges 

♦ To sign agreement with GOR for 
taking water at the tariff 
fixed by the government, O&M of 
assets within the village & 
for depositing monthly water 
charges with the government 

♦ WHCs decide their own tariff 
structure for collecting revenue 
from the villagers and get it 
approved from the community 
The project has been named as 
"APANI YOJNA" meaning u our 
scheme" 

Strategy 

The main weaknesses in the present 
system were identified as follows: 

1 . Waste of water due to free supply. 

2. Indifferent public attitude to water 
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supply system. This results in poor 
upkeep of system and frequent 
damages. 

It is therefore essential that 
communities in the rural areas be 
involved in the water distribution 
management (WDM). The 
participation of community should 
start from the stage of planning, to 
execution and also in operation and 
maintenance. At the same time, water 
supply should not be made free as it 
results in serious waste of water. This 
becomes more relevant in desert areas 
where the population is scattered and 
availability of water is scarce. 

It was, therefore, decided to 
make Community Participation an 
integral part of the project. To make 
community participation effective, 
following activities were identified: 

I Water Distribution and 
Management 

II. Sanitation 

III. Health Education 

IV. Monitoring and Evaluation 

V. Community empowerment 

In order to achieve the 
objective of Community Participation 
services were obtained from a 
consortium of 5 NGOs.These NGOs 
provide man power to an autonomous 
organisation called Community 
Participation Unit ( CPU) located at 
Churu. 

CPU comprises of 1 Program 
Director, 5 Program Officers, 6 Field 
Supervisors and 40 Field facilitators. 
The field supervisors and field teams 
have been divided in 6 groups each 
having 1 field supervisor and 6 field 
facilitators of which minimum two are 
women. In addition to these, a 
communication team propagates the 
messages about Sanitation, Health 
Education, Women participation and 
Water Management through interesting 
plays, puppet shows etc. Activities take 
place in a planned manner in the 
following 3 stages: 

a) Preparing action plan 

b) Executing Action plan and 

c) Follow up action after 
completion 



Process of Community 
Participation: 

a) Before starting work in the village, 
basic data is collected from all 
relevant government departments 
at village and Tehsil level. Then 
formal and informal leaders of 
village are identified and their 
cooperation obtained for 
furthering community 
participation and information of 
the village level are collected 
through them. All required 
information is collected so that 
future methodology for the 
particular village could be 
prepared. 

b) Thereafter communication link is 
established and discussions are 
held through small group meetings 
of Men and Women in their 
Mohallas separately. In these 
meetings detailed information 
about the project is given and the 
process of identifying the likely 
members of the Water Health 
Community is started. Help is also 
taken from formal and informal 
leaders and other influential people 
of the village in communicating 
information about the project and 
community participation to the 
people. The field teams also try to 
understand the village culture and 
economic status so that they work 
with the community in a more 
effective manner. 

c) This is the most effective stage when 
a formal line of communication is 
established and the project 
messages are communicated 
through banners, posters etc. 
which may attract the attention of 
people. Efforts are made through 
different means to make the 
messages reach people. For this, 
mainly community group 
discussions, different games, 
exercises, rallies, health camps, 
puppet shows, quiz, school 
competition etc. are organised. In 
addition to this, help of models, 
books, posters and story pictures is 
also taken to communicate 
messages so that group discussions 



and public awareness camps may 
be made more attractive and 
acceptable. 
d)After an environment is built up in 
the village for acceptance of the 
project, formal meetings are held 
in different groups to remove 
grievances about the project 
amongst the villagers. Meetings of 
Village General Body (Gram 
Sabha) is called in which 
preliminary selection of the 
members of the Water Health 
Committee (WHC) is made. This 
process ensures selection of right 
members for water health 
committee in which 2 to 3 are 
women members. 

Concurrently Women Group(WG) 
is constituted with the help of women 
members of the Water Health 
Committee. Women of all age, 
economic groups / social groups 
participate in WG, which is an open 
forum. Through WG, the process of 
their participation in the affairs of the 
village starts. 

Water Health Committee: 

The WHC is responsible for water 
distribution, management and 
Sanitation. Members of WHC are 
elected by village "Gram Sabha". 
The committee is a non-political 
body with Following stages of 
activities: 

♦ To prepare village map and finalise 
location of Stand Posts and Cattle 
Water Troughs (CWT). 

♦ Prepare a model for collecting 
water charges. 

♦ Collect and deposit Security 
money and sign agreement 
withGOR. 

♦ To organise voluntary labour to dig 
trench to lay distribution 
pipelines in the village. 

♦ To organise water distribution in 
the village. 

♦ To select Stand Post Attendants for 
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up-keep of the stand posts. 

♦ To check and ensure no waste of 
water. 

♦ To keep surroundings of the Stand 
Posts and CWTs clean. 

♦ To collect water charges from the 
villagers through the model 
decided by it and approved by the 
community. 

♦ To deposit water charges 
expeditiously with GOR every 
month. 

♦ To promote sanitation program in 
the village. 



Achievements in Water distribution 
Management(December 2005) 



WHCs formed 


360 


WHCs signed agreement with GOR 


360 


Social map making 


360 


Security deposited with GOR 


360 Villages 


Water supply functional 


344 villages 


Population benefited as per 1991 census 


396213 


Stand Post Attendant trained 


352 



Contribution of Women Group : 

The Women group take-up the 
responsibility to keep surrounding 
around Stand Post(SP) clean. They 
decide a model such as giving 
responsibility of cleaning around SP to 
each family for a day turn by turn. They 
also ensure that no water is wasted from 
the Stand Post. In many cases they also 
help in collecting monthly water 
charges. The women play a very 
important role in communicating the 
health message particularly to children. 
In the Self-Help Groups(SHG), small 
savings are encouraged. Women are 
encouraged to use their savings for 
developing sanitary facilities in their 
houses. Health camps play a very 
important role in establishing a link 
with village women folk. 

Sanitation: 

The Sanitation component 
aims at awareness generation about 
sanitation. Major activities are school 
sanitation program, village sanitation 
and construction of household 



Achievements in Women's Participation 



■ No. of Women's groups formed 318 

■ No. of Water Group members 4218 

■ No. of User Groups formed 2068 

■ No. of Self Help Groups formed 222 

■ No. of SHGs that received Revolving fund 120 
No. of SHGs that received Income Generation fund 71 



1 No. of schools in project villages 546 

1 No. of students given health educatio 35190 

1 No. of school sanitation packages constructed 95 

1 No. of Masons trained and in agreement 1012 

1 No. of household units constructed 22334 



sanitation units as well as toilets in 
schools. 

Experience: 

The project implementation 
work is in advanced stage of 
construction. The major components 
like Trunk pipelines, Raw Water 
reservoirs, Water Treatment Plants, 
ESRs, main pumping and distribution 
pipelines, raw and clear water Pumping 
Stations, Cluster pumping stations, 
voice communication system etc. have 
been completed. 
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The work of village distribution 
system including construction of SPs 
and CWTs has been completed in 344 
villages up to Dec. '05 and water supply 
started. Water supply to these 344 
villages is being made through the 
newly constructed ESRs all the 24 hrs 
on a regular basis with adequate 
pressure as per design. The internal 
village distribution system was laid in 
the trenches excavated by the villagers 
through voluntary labour. 
Identification of the sites for the SPs 
and CWTs was decided by the villagers 
with the help of CPU and the WHC of 
the village. 

GOR has installed a Water Meter 
out side the village in a chamber where 
two sluice valves have been installed. 
One sluice valve is under the control of 
WHC to regulate water supply in the 
village and the other sluice valve is 
under the control of GOR which can be 
used for repair / replacement of water 
meter and stoppage of water supply to 
the village in case of default in payment. 
Maintenance and repair of the 
distribution system within the village is 
the responsibility of Water Health 
Committee. Responsibility of collecting 
water charges is either under-taken by 
the WG or by a member of the WHC. 
GOR undertakes reading of the water 
meter once in a month and deliver water 
bills to the WHC. The bill is to be paid in 
15 days time for which a rebate of 20% 
of water charges is given. Any savings 
from the water charges collected by the 
WHC and that paid to GOR is allowed 
to be retained by the WHC. This helps 
in creating a fund with WHC, which 
can be used for repair of the distribution 
system, extension of distribution 
pipelines, and any other developmental 
work within the village. One of the key 
features of the agreement between 
GOR and WHC is the provision of 
giving rebate on water charges if GOR 
fails to provide water for a period 
exceeding 48 hours. 

The WHC have greatly helped 
in significant improvement in the 



sanitation level within the village, 
greatly enhanced consciousness for 
water conservation and also check 
water wastage near stand post. 
Surrounding around the stand post and 
CWT have been observed to be very 
neat and clean. Water charges are being 
deposited with GOR on a regular basis 
byallWHCs. 

One of the significant out 
come of involvement of the 
community and cost recovery is 
enormous saving of water. It has been 
found that the water consumption in 
the villages on per capita basis has 
significantly reduced after the 
introduction of the project water 
supply for 24 hrs a day with cost 
recovery. The long queues of women 
and children at the stand post have 
almost disappeared. 

Issues requiring attention: 

♦ The feasibility study envisaged 
an acceptable O&M system to be 
in place. 

♦ The tariff needs to be revised. 

♦ Institutional structure needs to be 
strengthened to give it more 
autonomy 

♦ Larger involvement of people in 
decision making. 

♦ Lack of O & M strategy: a 
consultant has suggested the 
operation and maintenance 
system after carrying out a study 
and detailed discussion with all 
concerned. However, no decision 
has yet been taken by the 
government on the 
recommendations made. In its 
absence, only breakdown 
maintenance is undertaken, and 
that too is not proper. The assets 
created are thus deteriorating and 
may result into irreparable stage. 

♦ Presently, a special cell called 
Project Management Cell 
(PMC), taken out from P.H.E.D. 
of GOR, is executing the project. 
However, the O&M is looked 
after by the regular infrastructure 



of PHED, which is also 
responsible for other works also. 
The staffs responsible for 
miscellaneous works do not have 
background of project 
philosophy and have other over 
riding priorities. This results in no 
preventive maintenance and 
improper breakdown 
maintenance. This also results in 
irregular supply of water in 
project villages at times. 
Institutional study was carried 
out by a consultant and its 
recommendations are pending 
with the government. This 
requires immediate attention. 

♦ The project philosophy requires 
community participation and 
cost recovery as integral parts. It 
is essential that similar approach 
be adopted in villages around 
being connected to the same 
system. In absence of cost 
recovery from such villages, it 
may be difficult to continue 
present state of cost recovery and 
community involving in O&M. 

♦ The project envisaged cost 
recovery @30% of O&M cost in 
first year of O&M, to be gradually 
increased to 100% over a period 
of 5 years. The project authorities 
submitted revision in tariff about 
4 years back, but are still pending 
with the government. Unless 
tariff is revised regularly to 
appropriate levels, the project 
may become unsustainable. 

♦ There has been frequent change 
of engineers on the project 
denying the benefit of continuity 
of committed staff on the project. 
This results in delay in 
implementation of project 
components and weakening of 
quality of works. ■ 

*(Author is Retired Chief Engineer, PHED 
of Rajasthan) 
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Water management in India 



Relevant approach 

SOLUTION TO WATER SCARCITY 



■ MRIDULA CHATURVEDI, with 
ARTI SHARMA, 
RICHA BHATT 

Natural resources are fundamentally 
characterized by their limited 
availability. With burgeoning 
population globally and more-so in 
India, the demand-supply gaps are a 
chronic problem that every one faces. 
Managing these imbalances has 
therefore, become and will always 
remain a critical area of concern for all. 
Net additions to the availability of 
infrastructure has positive macro 
impacts and go a long way in 
contributing to rapid GDP growth 
alongwith equitable distribution of 
opportunities and increase in societal 
welfare. It also enables the achievement 
of sustainable growth and development 
of the country resulting in robust 
macro-economic parameters as 
measured by the Human Development 
Index and the achievement of 
Millennium Development Goals. 

Problem revisited 

Prima-facie, the problems of 
water could be analysed from the 
perspective of demand -supply 
mismatches. Growing population 
across the country and rapid 
urbanization have contributed to 
exacerbate these mismatches. These 
alongwith the existence of poverty and 
regional imbalances in growth in 



development complicate the issue and 
therefore, any related policy responses 
and their impact. 

In India, water availability and 
its regional dispersion is quite skewed 
and with a rapidly increasing demand 
component, the per capita availability 
falls at a rapid pace - 5,000 cubic meters 
per year in 1947 to less than 2,000 cubic 
meters per year in 1997 (World Bank 
1999)). This is expected to further 
worsen over time to come. By 2025, this 
figure will fall further to 1,500 cubic 
meters per year. With estimates for 
population growth indicating a 
doubling in the next twenty to forty 
years, overall water demand in India 
will increase from 552 BCM to 1050 
BCM by 2025, which will require the 



use of all the available water resources 
in the country (World Bank 1999). 
Food production in India and the world 
has to be almost double in the next 25 to 
30 years, and our water resources will 
not be adequate. In addition, it is 
observed that six of India's twenty 
major river basins fall below the water 
scarcity threshold of 1 ,000 cubic meters 
per year, with five more basins to be 
added to the list within the next three 
decades (World Bank 1999) of the 
present water usage, 92% is devoted to 
agriculture, with roughly 3% used in 
industry and only 5% for domestic 
purposes like drinking water and 
sanitation (WRI 2000). With India 
expected to grow at 8- 1 0%, the demand 
from the industrial and domestic 
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sectors is expected to increase with the 
growing population, urbanization and 
industrialization and water which is 
now being used for agriculture will be 
diverted to urban and industrial use 
resulting in a tremendous competition 
and increasing conflict for and over 
water. 

The reliance for water is 
primarily monsoon centric and where 
inadequate, surface water (primarily 
rivers) and groundwater resources are 
being tapped. This pressing need for 
water upsets the subtle balance of 
demand and supply, one which policy 
options find difficult to manage. Water 
resource management has been the 
purview of the State pre and post 
independence and communities and 
households are no longer the primary 
agents of provision and management, 
thereby leading to manifold problems: 

♦ Total dependence and monopoly 
of the state for any kind of water 
provision 

♦ Most of India's river basins are 
degraded 

♦ Large dams are the major source of 
water storage, and canals are the 
major distributory route. The 
former have caused large-scale 
community displacement and 
ecological havoc. The latter, large- 
scale degradation of land via soil 
salinisation. 

♦ Groundwater resources have been 
heavily over-used. 

♦ Therefore, in terms of quantity and 
quality, water provision has been 
affected interminably and leading 
to chronic drought like situations in 
most parts of the country, with the 
onus of the creation lying squarely 
on continued government control 
and no community participation. 
Despite this India's new National 
Water Policy 2002 emphasises 
continued government control over 
water resources, ignoring pleas by 
environmental groups to involve 
local communities in order to 
overcome looming shortages. 
Resultantly the role of water 
management assumes great 



importance and significance. 

India has over the last 50 years 
spent $50 billion on developing water 
resources and another $7.5 billion on 
drinking water with little to show for the 
money - much of which was siphoned 
out through a corrupt contractor 
system. Apart from big dams and 
irrigation systems, the government has 
encouraged the digging of millions of 
tube-wells and bore-wells that now 
provide half of the country's irrigation, 
resulting in a dramatic lowering of the 
water table across the country. 
Groundwater in states that have taken 
to intensive agriculture under the so- 
called Green Revolution of the 70s are 
now turning brackish or are ridden with 
fluorides or arsenic. By 1 99 1 a review of 
the irrigation sector by the World Bank 
showed that one of the world's largest 
irrigation investments was performing 
unevenly and far below potential, 
mainly because the focus was on 
construction of new projects rather 
than management of existing ones. 
This is expected to be financially 
unsustainable and infrastructure will be 
physically unsustainable due to 
declining construction and 
maintenance standards. As the World 
Bank noted, the situation is 
compounded in some areas by 
environmental degradation. 

Approaches to water management 

A fast deteriorating water and 
environmental scenario, requires that 
the ever increasing demand supply 
mismatches are tackled in a crisis 
management mode and not left to the 
standard slow-moving bureaucratic 
and state centric approaches, with slow, 
little or no perceptible impacts felt. 

Traditionally, water resources 
have not been managed efficiently and 
effectively. Increasing competition and 
conflict over water, has time and again 
emphasised the role of proper 
management but with the state in a 
natural monopoly role, this is hardly 
ever put into practice. The call of the 
times therefore is to explore innovative 
approaches to the management of 
water resources. 



It has been observed that this 
infrastructure-economy 
interdependency can be enhanced 
through an approach of increased 
budgetary allocation alongwith 
creating and providing an enabling 
environment for effective public-private 
participation to enhance availability, 
delivery and quality of infrastructure 
services. Infrastructure put in place 
specifically for water resource 
management (supply, harvesting etc) 
therefore needs to be prudently 
structured for maximum benefit. 

Integrated water management 
despite being the key to the ever 
widening demand-supply gaps needs to 
be tuned to increase its efficiency 
wherin a holistic approach of public 
policy, implementation, people 
participation and private participation 
are all actively involved. 

Traditional water 
management as pointed out earlier 
relied heavily on the fact that water was 
a social good and not a private good 
and hence its management was the 
prerogative of the state sector as a 
natural monopoly. However, with 
inefficiencies and rampant corruption, 
it's a mockery of management. 
Privatisation is often resorted to tide 
over fiscal inadequacies resulting from 
mis-management but its merely a face 
saving exercise and does not serve any 
fruitful purpose. Exclusion of the very 
segment of population that needs the 
provision of water most through non- 
differential pricing beats the entire 
purpose of equitable distribution of 
this essential human service. 
Essentially, therefore removing the 
anomaly of treating surface water as a 
public and ground water as a private 
good needs to be rectified prior to any 
privatization effort as this will help 
provision free of exclusion. 

A major consequence of water 
shortage is manifested in terms of the 
development of a large industry of 
water vending by small entrepreneurs. 
The World Bank has given financial aid 
for the development of such a class of 
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private enterprise to facilitate 
privatization efforts of water but sadly 
such activity has been instrumental in 
further increasing the exploitation of 
scare groundwater resources and hence 
regulation of ground water resource 
exploitation is much awaited. While 
the aid agencies promote water- 
vending and privatisation, 
government's apathy in setting up 
stringent groundwater regulations 
leaves a convenient loophole for 
entrepreneurs. Though legally there are 
no de jure rights to groundwater, de 
facto all landowners literally own the 
groundwater under their land. 

Over- exploitation of 
groundwater has been limited to 
agriculture until now, but the emerging 
commercial dimension is laying 
additional stress on the already 
dwindling groundwater reserves in the 
country. Thanks to the World Bank- 
triggered water sector reform process, 
trade in water has now been legitimised 
to such an extent that water utilities in 
the public domain are switching to 
profit-making water supply systems, 
absolving itself of the primary duty of 
servicing the poor and excluding them. 

Over a period of time the so 
called privatization effort of the multi- 
lateral institutions like the World Bank 
have veered considerably from 
ideological rigidities to pragmatism. 
The roll-out of privatization of water 
utilities as an alternative to government 
mismanagement, has now been 
increasingly focused on a management 
contract basis rather than pure 
privatization as an innovation for 
private provisioning without 
excludability of particular user 
segments and accompanied by 
accountability and transparency. While 
this seems like an easy way out yet a lot 
of issues need to be addressed before 
such privatization efforts are 
undertaken. Governments are being 
prodded into guaranteeing political and 
sovereign risk and the track record has 
indicated the monopolization of water 
provisioning through large MNC 
entries. NGO and civil society groups 



have cautioned that rather than 
presuming public sector inefficiencies 
and mismanagement it would be better 
to think of how to reduce this rather 
than rampant privatization as a sought 
after goal. 

All of the above indicates very 
little participation of the community, 
the entity that consumes the resource 
itself and who despite his right to have 
water has not control over its 
provisioning or its pricing. Community 
participation in India is a new approach 
advocated by a lot of NGO's and civil 
society organizations. It calls for 
education of the community, the 
important stakeholders in the entire 
effort of effective water resource 
management. The logic behind this 
approach is that since supply is 
essentially natural with little control on 
its availability and distribution, then 
reducing and rationalizing 
consumption patterns itself could lead 
to water conservation and sustained 



availability. The National Water Policy, 
2006 though ends with the recognition 
of the need for enhancing and 
harnessing community participation 
yet is not emphatic enough to highlight 
the role it can play in water 
management methodologies. 
Integrated water management without 
a role for community participation is 
bound to fail in the coming times. 

Closing remarks: 

Despite the situation looking 
and turning grim day by day, yet the 
very fact that people have become 
conscious of it indicates a ray of hope. 
However, all efforts to sustainable 
water provision will come to a naught if 
caution is not exercised in using 
privatization as a possible approach for 
equitable distribution of water. 
Moreover, without community 
participation no effort can succeed and 
will be doomed in its very inception. ■ 

*(Author's are Lecturers in College Education) 
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titiu snare c£ nmciD 



?TTefTef ar^T^TcP 

^r^tf* ^neff eft, ?ft 

cT^aftcRPt cfTeTt 

^T? r f*TeTcF>? 
^c^T ^vjT"R eR^ft I etftR f^et 200 *R# 
3 eft aft^-^¥l q^T^ *Tc5 ^HJ ^FTTvjT 

^ ^ ?cf>T^, ^T^, ^cf^T, ^vjTR eft ft 




SnjftPkRq cffl, n5^T ^TT^ ^f, cJTFT eft 
^TFT^ eft cft^ cftftr?T ^ eft, vrft v^TTf Wet 

cT^FT v^Tcfc *R 3 ^ ^Tel eft v3^ct v3*T 
^hf eft 3TT^.3TT^ cf^TT aft? cft^T ^ vJTR^ 

^^IRilR^T ftcfJelct ^? ctf^R vJTFt 
>H«|cbl vJFTT% cm iT RTT eftcTT' cf>R *TRT 

afft qpft cf> y^r eft ^xj ^ ^er cjr% cm 

*M, cfR^f eft ?ft cft^T cf^, 6T| ?T^t cf> 
^Teff *t rTT# vJra ^ cTTen >HHIcil cfRf^ 

afft ctt^ tr ^pret 5^ ftunuTl 1 1 ^fpt 

cf> TFTTvjT c£ cTTcfi eft ^ft TjuT ^ 



^R*T 3 ^T?T ^FT STT I ^ *t m efFT iR^ £ 
3fft eRT^ cfT et ift ^ 3 ^ I cf>£t Zf^ fc^UT 
vmfo cfc R^IMil 4 f^RIT^ vJTT^ft aft ?ft cf^t 
Zf^ vjTT?T ^ ^ cfR TJcf> f^Jq i?T?T tf\ vjTT^ 

^?ftc7^^^T-^Tcf^^cm^cftcf^^ | 

eRT^ cfTeft eft 3TTcT^ ^TT&f ZfTcT cfT^ 
fen? I TTjT^TR iTT^ft ^ cf^ 3TTvjT 

^ft eTTcft 1 1 zrpft ^ft W eft STRUT 

cTR?n 1 1 3fft W c7^ ^ft ^TFT^ cf> c^TTT anm 
I etf^R ffc? ^ ^FTTvjT ^ ?^ ^TST eft 
eft# eft etcTR ^FT^ cfTeTT f^Rofl 
TFTT I ^TvjT^R vjft TFTTvjT eft "n^T^ eft ^=TFT I 




eRT feTT I ?TT ^ ^FTTvjT c^¥T^ ^ 
vd^jchdl ^ ^ft Wet efft ^ 

??T^ ^ meTTcT ^eTT cft^T eRRT 
?^T cmT eft cTR% feP? ^Tt ^ZfT ^TT 



?ft cf>^ ^ft q^ct f ?ft c?nft qvJT f\ ^t^T 
f^c??e73n?n|l 

w eft 3?^f zrft aft^ aft^T 



cTRgcfjR ^ | qjcT-TRTvJT ^t *TT 
^T^-^RTvjT-vJTrc^ ^fcf f^qfxJT eft, ^3-^Uc7 
eft fvxl *+l ci 1 3f W^R f^^TT^ ^ | ^FRR^IvjH 
^ el c?R ^t^ ^ ^t^ f^TfuT cTTFT WSR 
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^dlHdftcmdc}^, WT^eR^cncftRTT^ 
Wnft vg^Rt 2* sfft ?RT ^PR^ ^ 3FFt 
vjTvjRR ^ X^TT ^ *TR ^, uft ^ ^ 

| cfrn tf\ ^ ^ ft> ^Rt vift ^5 cR?n , ^ 
WSRcftifecFR^h 

ct>r grr ^ *r TTTf^rftcfj cj> 3Tcncn 

« eft TTRR ift ftcRT 8TT I RRfaT ife 
cfR^TT 3R ?TRR f^R> f^R3 W^l 3 ^ W^U 
I^ST^^^^^dcb^lvjR^T^WSR 

eft cftsft^ eri ^ ^t^n 

^fe f^niT vjTRTT R^T 1 1 WT^i eTTSFt cf> 3TeITcn 
^T^t 3fR <fjrf\-<f>tf\ cfc ef^T *ft ife f%XJ 
viTTct ^ | vipfrr ift ^R eft viTRft *ft | 

*R# M^HI^ v5TT% cfc WSR 3T*Ft ^TT«T 
cT>FT cJR^t cfTcft oft cfc cR^5 3flR efrnt cm 

o 

^TR iRTct 0, *ft ^^ftcf) c£ 3Tencn 
^mfod <F® T $Z ^ v*n<f[ afti 

o o 

cbd^ldl cm ^ TFT dMM eR^ c£ cJR F^t 

WSR ff^^ sfR cTR if y*loRH ^ft I 
foelFre *TT RHcHlciei TRcfr XTcf> uTTfrt 

cn^g^n if irgcT Rtuiid §^ 1 1 RndNei 
ftren zrrft *fsr ^^tt|i Ridiciei ^ 

WSRt eft ?R^ ^ff £Rf if ^ I 3TFTT^ cf> 
3FJ W 3 v^T eft RRs*TT wft aft | ^TcJ> 3FFt 
*ft^oct^ | 3TTuT ift RTviRSJR c£ ^RT^ 3 

RHeiiciemi^T fter vjnxj^r i f^iq a^r 3, 

« 3flR RielNCI-XJcf) ^ cf>R eft cJR^f 
cTT^ ^ TR cf^-cf^t XJcfJ ^ ^ vjTT^ I 
v^HdiW 3ft^ ftKj ^ Rldlciei ^TRTcP ^ 

^Hci ^M^cftft^f^kl^sft | 

^ 1 1 3RWeT ?TcR ^ ^ fteell *R 
^5TcH^|i||2TTI 3T«RcT 3TT^f cf>T 
v^T^^T ^ W^R I ^)-f^I^T W^l ^ cfTFT 
f^RIPTT vrfRTT 8TT I ^ ^TST eft TJTRT ^ 

cm f^cRnftzr ^nsft i xjc^ w^r ^ 

??T^ ^R v5c3 vJTT^ ^ f% gRI 
vJ^Tcm 'TFT ^ "HvjT^R vjTRTT, ^R "TvjT vJ^Tcm 




vrfRTT I 3Tc^ W£R eft XJc^ qf^^T^T ^ 
aft fc)> ^ 3ft vJnTt eft ^T2J ^ft eRT^ I 

% I ^ XJcf> vjFTI? vjTT^ 3ft^ ^T^T cmT 

aft^TRt cm v^Rt^ cm^-cm^ ??rt ^r 

v5c3TT ftR v^Tcft v5T^R?T ^ ^ I ^ 
XJcf) cfT?T |, ^ cf)^ft aft^TTTt eft ^ 
eRRTI ^ c^TTft eTR 1 1 ^ f^£T TFT 

ch^dicl ai i fo^rm f^ft tf\ aftvJTR ^ f^n 

^TPft cftc^cp vJR^iRT^^ | TTCT3TRT 
v5^,^Tpft6|<i Hai^Tef viTT?TT9TT I f^T^'HFf 
cft^ >jnfct ft^fa ^ T^t TO 
f^ft-M eft ^ fefe ftef uTKft 2ftl 
vrTeT^TT ^TT^ft ijvjTcT eft '^Ef ' eJR cRT^ cn^ 
eftT ^ft feg^FT vj^T f\ Ftcl ^ ^ ^JyT ef eft 
?R^ft efc eft OTT ^TT vJTFfT eft elef^ eft 

^^mdi ^ qem? cm? qpft em ^rt^ ai i 

^ 3nvJT ^ vJTT^ 1 1 ef eneft 

cf>«Hp|zrixT^3TTT^zr?r^v5T7i^^^[f 

^eTRTR 3ft^ H<TO| cJR ^^ft f f% xjpft 

f^TT ^TT T^t I TRcmft c^ff ^ ^ft f^TT 

cmw^R^i^^Tcft ^^nxj^ eft uTRftf i 

RHellciei ^TR T«T l^^T ?TcP v5n^-^ 
XJcT> ^tcm? Rlellcie iR vjTRT | ^R 

vHft c^ ?zff f i e^t-cf>^t T«j-y^r 



RHdlcie ^ft ^ | JjvilNjId ^ ^ft ^Tcft 3Tr^ 
3n^|l^r^^renc5ch^ellclf I^Ff^kT 

^renci x^^ xr cm*T c^ em^T ^rg?r ^ 

v^Tcm *tctc[ch ^ c^cid i c^ g^r ^r?t ^r^t 
Ft?n| i w£Rf emxjcp^R^rgR^ft^Tl i 

^^R^, yvjNld3 c5R3ft^^?Tc^cf^ Wft 
^ ^g^R ^ 7 RT I ^TuT^Rt cm XJcJ) ^iK^Tlij ^TR 
^T^Tfct ''ft ^n, vjft Sfcf^ eft cR^ 3TTvjT ''ft 
IJ^feRll 

^^Rtcl 3ft^ ^cmft ^ft ^c^R xi^ ^ cfTct 
^ft cm^ff e^ 3Tr^ ^ aft^ ?nen^ 

eRT^ ef> cmR ^ ^ft eR^ ^ | T«ra^ ^ 
qar^tc3T TR c^ TT^T 3ft^ Tt^e^ 3TTviT ^ft ?^eft 
^TR fcten^ f | elemft ^ cTf^UT ?TcT> ^ ^ 
3ft^?^^c^eeft^c||^cb^ellcl^ | 

% TTcfi cm aft^ TTcft cm ^rt 
^^tr ^Tefi eft cmft ^r^f sft i ^ Heche 

^ ?ft ef^t T^cmgT 3ftR vjI^T ^ eRf^ ^ f ^ 7TT cf 

Heci^cft e^en?r ai i aft^ ^g^R ^tr 

TTt"% cm c^R cfR^ cneft c£ feTXJ | IR ^ 

f\ an i Rrt^cfR 

^c^^TvJTef^n^ft ep^en^^ | ^3R^ eft 
e^ RRT^ RFR e^ M ^ v5TW ^ | 
3T^tf W ^ feH? *TT? ^ft# eft rft^ 
v5TT% ^ TRR-g^ft ^ vJRIcft ^5 f^emeT^ c^ 
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^^^^^^ 

^ #R ^ feU I ^ TO ^ 

^\ ^ ^\ mil ^ ^ 

will 



feP? ^TT^ ga*ft ^gfe oft aft 3fft 3T?T 3 cf>fteT 
gft c£ Tf>\Vi cfc tTTpT cR i\ I vj^ft ?TFT c£ 
^RXJT ^TfaclR dldl«fi 3 ft^ ^T<^T cm 

^, ^ gx^r c^T^ ^ i 

^ eRT^ cfc cJTFT 3 ^ft iTgcT cg^TeT ^ f I 

vJTTcta* | vJTt^fiMft cM^^, ^ cgW 
^ ?TTeTTer cjft ftclc^ cfc ^ if ^TcTTl? eft viTRft 
aft| 

cjft ^FPT 5 el^ 

f^TT^errxjan^^ i gof^zrr^^f^^qicrcift 

^-^ft ^THch|>ft ^?ft aft | cf>^T cMt vJftfft 
I, faWHcjSl |, q^t cf^T-^T dldM, <JTcT# 
3nfe cR xjcfc f f c^T 3fT^ ^TcfKt f I T^ft 

^vJTHcbiR4i5^^c^^«r^iaft,f^ 

^ft v5<icp qRT <16|cpi enflcj) f^TR-fckaiq 
feR^T *ft ft eRTT ajT I *TTcW cfc $dlcbj 3 ^ ef^ 
clft *T<^ ^ f\ 1^ UTRcm^ 3 
<JTcb|i|c{| ^uf clft ^TTcft aft ^ ^cJkJT ^ 

v5pft^ 3 ^f§r?r an i 

5^c^f^^ftch^ellclai3fl^^ft?R^ 
ftfcTf a,), uT) UTTft^T cjft ^TR- virt^sT, 

f^rR-f%?n^ sfft virffa cfc wr3 <m 

PlHCKI ^ft effort ^ i ^ afft ^ cfc TJT^ cm 

^Tcir wti ai i ir^ ^rzt 3 ^ cf> cm tfi 
cztftr ?^rt cfc ^tst ^t?n an i 3tm c^ tt«t 

JJ^T ^ 1 91 1 3 ^cjr^f cm 24000 
aft | nJ^TT ^ ^f^^TT r 3?t^ 
^rif^RTT ai | 3T^vJT ^FPT ^TTf^mt cj>t STTRTSft 

vjnfct6idict»(^?R^?ft^Riii '•mi an I 

^TT? eftq ^ dMNi c^t ^Jef^ ^ , ^ ^ 
v^Tc^ eRPt ^Teff ^ft | TjcT-ft^ eft^fi clft 



^fi ^ cifeiii, ^^r, ^ft^TT, Tfhg, iRtn^r, 

c^tef, ^^R, ^f^R, ^ ^»ft 3TT^ f I T?cT> ^RZf 
2JT vjR ^ d Id M 3Tcd vrTFRTR *TT^ vm^0 | 

3ttvjT ^Tcfft \fh ^rftcm cf>t ^n=r^r% c^ f^r^r 

^ft^T^t^f I 

c^^ft cfrt eft ^Tft ^ ^ft ?TTeTTefi cm ^T?T 

cmT fc^n an i ^cm?l men^ grt^ cn^ 
cjftfM c^ eTT^ ^ an^T €fe ^tj cift uTRcmft 

cfTcft TTQ) qfc^T ^ft ^ ft ef ^Rft I ^f^R 

xjcj> ^rzt an ^r§?r ^ frz ^tcft vsnft ^ 
cfl ^feinj ^^t^ ai i T^RT^-"gvii>eid c£ 

3T^cU Tffcfr ^ v5^# vift ^T^ft^ ^ ^Kft aft, 
v^Hcbl eRT^T TTO cfR ftzn vJnm ^TT I ^ft 
vjpft^eTRTZncTRt cp^c?1l^laft | 

eft# c^ cmR cfe cm^jj ^n^ft v^mft aft i ir 

c^-cf^t 3H|Ri|| dldN ^ft iRT^ a^ I dldN 
c^ 3ft^fR - Tfcft, ^m^T, ^ef, ^^Tcp, 
?RTct cFTTft iRT^ cfT^ efm v5^T 3ftvJTRt 
^^^^^ft^Rft^Tft^^^iiter^^ 

tcTcTR^l^eRTll 

^ncft ^FTTvjT 3ft^ cf>FT 3 ePft 
q%T^ vJnft cm ^ft dldM iRT^ ^, dldM 
Wti TR ^ft clvFTef, ^gf^ft eFTFt ^ 

^ft^FT an i cu£t- c^f dMM f^n^ 

clft cgB> ^T^ft^T c^cfef ^Tcft qRcn^t c^ feP? 
^Tf$f?T uTKft aft | vjftcR cTTeTR ^ 

^TeRT an 3fft vjftcR^f^ ^ menef ^IcTTcft 

c^a^i 

^ftef, ftefT^, wf^TT, ^tef 3TTvjT 
cg^5 ^ c^ viUvillft clft 3Tg^ff%T?T 



^Tcft ^ ^llftd cfR ftxj qij f TR IJcP ^FTZT 3 
3^TcT> ^-crt ^TvjT ai | ^TvHft ^ ^ qrft 
clft, melTeff cjft gft o*jcR«n ^cT ^i^TTef^ ^ | 
^ft ^ cm ^ TT cl> clR ^TT eftfR 
eri^RT t \5^T ef^TT^ cm qpft fcbd^l 

^ cTcf> tft rT^ ^ vjTRT 1 1 ^ c^^Tef ^»ft ef 
^k-tfgq clft ?R^ 3TT^ ^ ^R eft ^3ct ai | 
?R^ eTT^ cf^TRl 3ft^ ?n efTeft c^ qpft c^ 

<^rra c^ ^»ft to ^fti ^wt^ 

fidHI | 3?ft f%?rft ^ft c^ ^3ff cJTt c^T^T 

cf^^n,^^^3n^^k^^T^f^ciR 
eldKHch^lail 

TTuT^^TR ^ ^ cf>FT ^TT cfT^ ^ | 
3TefcR ^ XJcP ^tcf^-^ft ^ '?R>xjt 
^RH W ^ ft^ 20 ^fl ^ 7500 ^ 3Tftc^ 
?TTeTr^ cRTXJ f | ^ t\\c\ Zf^ eFTT 
g^T ^ dldM cRRT vrTR?TT 1 1 cf>f^T ^ 

ci?f^T *n*Tofi ^ cpt gtt^ ^ cjrt^ ^dio 

el^ft cf^ftfc^ ^ft?R ?ft ^^NT a^ vjfl 
^ftf^^ff ^ ?TT efTO eRT^ ^ f I ^fteft^ c^ 
^ ail ^TT^cP, ^TRJcm, ^tcftclMI ^TT^cP, 
cmqf%^TT HHch, 6T5T Hl^lch, ^cTT Hl^lch 3^^ 

dellRill, -"KlRi^l-^PI mefTer 3^^ qrft 

^nft, efvJTRT ^HM ^ft aft I cR f^rR% 
^Tel eRcR, ft^TrR ^-tf^ efv5TT^ Wefft 
eFt | ^ 3TTvjT ^zpftzr iRT f^TJ qij f , TR TJc^ 
^FRJ ^ T^cf> ^ ?T cR ^cmgl q^jafi 
TR TTef eTT^ c^ cZTFTR ftcbdrl ^ | 

q^ c^ ^ ^ ^fR cfc ^ ^5 viTTct 3ft^ 
«n^T efT clR ^ff ^ a^ | 
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1 630 3 cIcR^T 3TTXJ £ ?ft vj^clft q^ cfTT 
TTFTR *Fft- v?hft ^TFT cf> ^TPTcb ifv5TRt cf> ^eft 

q? cTcrrajT I ^^^^^aftxjcPerrasTCRfl 

c?vjTR I *hft- viFft cfc ft^TT ^TTlft q^viT f^ef 
^ic^cTl aft I \3^Tclft q^T^TT 3 cfv^fc 3TRn7nJT^T 

cptf ^ 3 cg^5 3Tfct^RTtf^T Ft^ft q? 
^Tcfc cTOl if rrej ^cFf Ftct frRl cfjfc^T 
Ft vrfTcTT SJT I ?R ^ TJcT> cTRI q^jsfi cm 
cpkcii *TR feRTT vjTRTT 2JT 3?ft T^ft eft oft cm 
^PJcU cTT^T eivrTRT c^en?n STTI ^vjTRt 

qgsfi c?> cm^ri ^zmgt cTtTj ^cfr 

^Tef^ ^ | ^Tc£ TTcT> fct^T cf> q^FT *R qFft clft 
fod-ft TFT Fftft, ?^cm 3T^Tv5T eFTT^TT viTT 
*|cbdl 1 1 vjfFT ^ vJTTct, cf^r 3FR q^ ^ ^RT 

STq^TT cfTcf^T TFTct I WT qctST cfc ^TFR ^TFT 
clft vtFTF 3 eRT 3?ft W3\ ?n erra ^ ^ 
fc^Rft cITOT cfvJTT^ ^ eRPTF «TT I tf#*Flc? 3 
3TTvjT *ft ^ffcfr 3 efrq 3T^ mefTef 
fc^Rft en^T ef vJTT^ ^ vJTt^ cJR ^ c?R?t f | 
?T 3TW eTRIT ^vrfTTt FT«ft ^ <Ft W 
dldl«fi cjft ^xft if qcM cf> ^TFT TRT 

vJFTF-^FTF cTTenwt cf> ^q if ft^RT ftc^T I 

vjiGjciyy cfc irra c^g^r strt gftftt i ?nef 

arq^^c^^c^TcH^^cbel^qTqc^dMleil^ 
^Rf^TT9TT| 

^ f>I^ ^sJcT ?TTefTef 
eRTcT-^RcTTct ^, erfecp men^T ^RT^ cTTet 
cj^ eftFTt cm ^ TFRR cfT^ ^ | Tffe 
^MT3fi % v5tR ^R?T ^ cFtFcft ^FTTvjT cfe 
eft^ft cfrt 3TTvJT c^ qFRT^ c^ W^TU f^Tc^ ^ 

vi^H cj> Tn^r encM ^tptt an i ^*^RT*iift 

^dldleli ctff^R^^rctTTFet 
3TT"% cfTcTr yfe^ ^ft^Tef cTTef eRcn^TT ?ft TTvjTT 
^ftviT ^ STT IR 5x1 cp| zftvjT"^ ^ cmfeRTT ^TFTcJ) 
X^^^^T^^c^TTcTcT^^^fiFt^Ic^sft | 
'jftqTef-Ft^T^TTerTcT cftrl cj?l ^TTcft ^ 
cTTcft cmfeRT ^cft Tffcg ^R^T^ 
^TFT^^TTcIc^>5TTcfH I 

aftfclzn, 3Ttc5^, 3Tt^, 3Tt^, 3ft^- 



njN^-njN* v5FTF deleft, t^-t^ ^Tcm ^TFT 
c^ciddl^TTRchm^ch^an,fct?T-^lddlell^ 
3ft^cgTT eRPTT I ^cT^fc^fTR^TT^FHcT^ ^ I 
^ cTt^ff cf> fefTJ ^ ch^Nd ^Pft aft f% 3Tt^ 
F^ TTv3T ^ cgir ijpft xft^ f | eRT% cfTc^ 
3ft^^%c7T^^c^lJcb|chRFt^cm?^ 
3TcE5T vJcTTF^T ^TT^cT ^ ftc^ cWtf% cm 
lich HH 3Tt^ ^ft 1 1 ^ Mf$^H ^ 3c3 yvrl^ld ^ 
TTvjR^TR, ^xRy^, ft*|NcM feF^TF^ 
$K 3TRm^r cfe ^5T, TFRT^, 

t^ti^^t, ?Tcf> ifeeT ai i ^cift 

^»ft Wlft ^ Ft^ft I v3#fcn ^ c^^ft 
3TT% TR ^ elKI aftfet^ff cfe «JR 3 
clft c^Fpft f^eRft 1 1 ^ q^ qTcfct ^ | 
cT^t ^ Wi^ f^cTcf^ c^cfR cfecfef T7T ef eRTct 

^, ?ft c^t men^r cift cm^ ai i ym: 
c^ arcd ^n^Tcm? ^ ai i f^£\ i?\ z(K 

ftclcf^ efft "rfq ^ ^cfHTcT qc5 <^ $t I f^cf^cTft 
^ 3?ft cTWTcT ^ft q^WR^ ^ | 

^jRian^T ^ ?ft 3TTvjT ^ cp^iqa I aftcf^ 
c^ftcTcrcTR^t^l 

«JR ^FTft c^ ^ ^ ITcP dMM TR cm^T cm? 
^ aft, vjRT TFvjTT *ftuT ^ c^3 3FRT 
^T-W ?TcP cm $>iW\ r\ feRT «n I 

TTvjTT ^ vrRTRT efft ^ epft X^cf> 3T^RT clft 
?RF^TSTT I^R^c^MRclK^vJRftvJT^RT 
3T^ cT^t, 3T^ ?rfi^ cf>t W ^RTR ?Tcf> cf>t 
fec^ TPT% cfTcft IRRRT cm f^RTT aft | 

ferxj ^ Tft ctr% c^t ^ztr an, sppt cmf^r 

cl^^cTR^^cTR^dl^ch^cmcT^JT 
c^TT ?R cTR^ft 1 1 v?n cm ft c3 qzn TR 
vjN-HI, 3rtc5^T cm v5T^T 3TTv5T ^ft vi^l^HI ^ 
^rft^FTc?, TFTc^l^Tef, TTefcfT, 
^R«TR 3ft^ ^JvjRR ^ T^en §3n 1 1 ^ cm?1 

eR^r ef[?T ^n? f , ^ qRier cfe 

efTcT 3TTvjT ''ft ^T?T-^T?T "^R vjRRT 3Ttc5^T c^ "^ft?T 



Rocky 




^ ^ c^cTR qRH ^cR, ^T^k ^TT^T 
R^llei^l deb^ vJT^RTc^^>eu| q^f | 

vJRRT 3^ c5^T cm ^RT ?ft eft^ff c^ *R 

^ ^TTcjft 

cfTen^T^J eftqt^^efTfctznl I v^^fcTg^ 
f^rfcTT ai, 3lPlf$xHd Ttv^i-Tt^ clft 

1 1 cf>^ 3Tt# 3TTv5T tf\ ^ cm^T c?R^ f -^f^T 
^ cFt cRT^ ^ FvJTRi eFt ^-^R vJRT 

3TeITc7T, ^TR^T H^NI^I ^ ?TTen^ 3?t^ 

cgxj c^ f^Rfm f i ^ wm, g^, c^unc^ 

3ft^ 3TRRTTT cf> ^ff ^ xfe^ ^ | #^g^T 
eTTei^ fuTc% c^ qjc7 ^ Rebel eftq 

^ i xjcp ?Rq> ^ wr y^r ^ ^ ?fr c^rrft 

?Rq> ^ ?TcP I ^Rill vinft, TFFTcp, 
RelKH^ 3fft ^R^^T c^ 3TRRRT ?neTT^, 
TFtt ztK cm cfTR cfR^ft aft | 1872 

clft^H4|UH|Ti^Hc|ftTr^TT23F^n^aft | 

f%R ^ f%R ^ vp* vJxR 

q^T ^ f^Rfi 3 cgf^taT, q«r q^T ^ 
^PtaT, c|^nq 3ft^ cirter vjnft ^ft men^r 

eFTT^ ^ TR ^ft aft I 5^T^, cjf^TT 3fft 
^ft^TT ?R ^ cTTcTR ^ a^ | 18 eft 
^?T^gW^c7^dMM^^iR^f^R 

qTf^^Tftcp ^nar-^nq vsrift^r ^ft ~£\ 
aft i ^taT, gftzn cift men^r ^ft^ q^ gyn 

Ft?ftaft | ft cleft HKx^fl g^Tc^ cm TFTTvjT ^ 
3?q^T WFT a^TI rft^Tef Jt^ 

^rfc^RTTcft ^ f^ft ^fft i aft 

(^q) c^rra c^ ail ^Tc^ ift?T 

vjFTc?-vjFTc? 7 TFJ vJTT^ f 3?ft c|R^ cTt^T ^ft 
^vrvjld ^ f I ^WT vjR aft c^ If^T 

cp^f cTt3F^TvJnft^ft c^eftqv^T^^f I 
$cllcbi ^ ^Rft aft cf^ ^TT W 

xfeu vjnft i ^tf cfTf^T 3fr^ il^Hcft cmq c^% 
c^ feFj qf^r aft aft^ ^rr ^cft 3 merra aft^ 

c^3TT?ft?TTftef an ift I ft^R 3TTvjT ^ft fc^ft 
cfjfc^T cFR cm effe FeT ^ ^ ?ft c^F ^ f , 
' '^\& eFn eft |' ' ^Tcf^ 6fg?T ift Tv5^f?T 



Shallow 
dugwell 
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qqcff qft unfcT aft | v5TTf^ cfc Tgg\o\, qtffet 
?Tffa T^cft , qRT^ft Ptq^t qq ^ft?TT £ct ^ | 
3TTv5T cfc f%R 3?R IRTeT 3 *Rt 
WHeT tft ?TTeIT6r cRT^ ^ I TTSTTef qft 

cJ^Mdl qft qTq Rell^ ^ f I H£KI*5 cfc 
qifocf) 3 q^feRTt cfc ^TSTt ??Ft q$JR 

aft? m en q q^f^^T *r 3?qq er qft 
*?rt qft q^ft aft i ^rg^ decirff ^ftcn afft 

q>tq>xqq^T*R*iftqqf cfcafcrf i q^qfr 
qqf cJTT ^ft c5T qpft <^cl ft c^3ct qpft cfc 
f^TTef^rg^^ftef v5TT?TTt I ^ ^IN^v^nfct 
qft ft cg^Mdl 2ft f^j qf^qq ^TTcI cf?t q^qfeql 
vJT^R ^ ^ft^ ?Tcf> dleiml 3 qqf cJTT 
qpft q*f *R TtcfKf^ vjTKTT aq I qft 3?R 
??Rt ff v5J# cTRf^cf> cfc ^xTft cfF^? S^T 3 
^ qRq> q^R f^teRTT 1 1 ctvq eRTTTcT 3?R 

q^Tq qft ^ft q^R cfc qraT ^n?n 1 1 

xfft cfTt ^Rt ^ ftcblel cfR TTcf) qRcf, 

an^R it ?rt?tt vm?n 1 1 ?n sqqq^ 3 

^rft^MRc|jH^3TPTT| I 

^raf^«RT sHK q> qft ft an i gfe afft 
^rq^r cm i?q> $\q> meRt er ^ fin? f^n 

c^T 3 ??Ft ^ meTTeT q ?ft qq ^, q 

fef> f\ ?rq>?t ^ | q^ ^RcR fodHI ^^cT, 
c£*R^T ftqT, l^T cm nStR clf&TJT qft 

clf^T 3 fthTT^ c^ feP? cR^ cTTet 
cTTcTR XJ^ ch o el I cl f | ^ff cT-Tff cf ^ XJ^ sft 3?T^ 
v^cHT 200 cT*ff c£ ^ c£ encf^ 
^cvjIk! ^Ri||3TTvjT^ft^c7TcIR^if l^ffcT^ 
M^l^ld c^ ^ft?R f\ XJcP 3ft^ Ft^ft 2ft | 

^ cn^fq | l?f[ cTRfq ^ qTcf ^ xic; Wl c|ft 
TJcf> cf^ feP? f^jfcfa Ft^ft sftl XJ^f ^ 

^rf^r?r cmq-xj^ ^rrt, ^^cm 

oe[cR2jt 3fl^ cm'ft cfc fen? ^rrt ^tt^r 
vg^T^TT cTTtfq c^ f^r^ Ftm an i cmfrr ^ ^ 
ttct^t ^ cmqf c^ ^fcf> ^ ^rt c»r qn? ?ft 

f^jfcfa cfft 3Tcff^ ^ q^el ift ^T^TT v3TT 
^ ^ crt^ ^ cmq eft cT cTR 



^ | f^rrn^ cjft^f cZfcR«n c£feP?TJcf>qcI^?TT 
8TT I ?^ 3TeR-3TeFT S^T ^ ^^T^ 
#?3TFft, cPWc^l 3fT^ qT^R aft^eff 
qR ^ vjfRT vjTRT an I dldN ^ fidHI qpft 

I , fcl>d^ ^?ft f^r^ Ft^ft I , qT^ft cm ^^n 
ii^cTRT c^tI-^^ cmq^jft^T^ cjR^si i 
"fariS cm qci 3T^cp ^fj ^ ftntf ^Rv5r 
^ fc^m vjtktt an 3fr^ ftrar^ ^ qRel ^ 
vjqcmf^xjfzTTrcffqR^msTT i f^nqf^dHi 

^ft 6T?T c^ff q ^t, qRel ^ ^ft^i^ ^ 
^qRTv5TRTSni 

^RvjI^T ^ qf^R ^ Hleftqiel ^Tf eTT^m 

^>ft ^ i v^^rert^, viTtenj? * ^ 10 ^ ^ ^ 

qecft qq^ ^ eRT^ cfc cm^xq ^ Heeftqiel qT 
Hleftqiel cp^ell^ I ?q NT^mt q>t q^^f ^ 
eR^ qTel aft^ ^ qT^ft q>t ^jft ?R^ ^ Ttq> 

el^ qq ar^ q^^TeT Tr^r qqr an I ^^iq cfc 
3Trd ftqf ?n ^ | q^ft qq cfct^ ^n q^T 
^cm?T qpft q^ qR 3TRTT Ft, ^ eft qT 
^?Rq>^^^qcftqRqT^ft^q>c^Rf$|te 

^q ^ ^TR qj^qr q>t ^3#q q^T vjTRT 
1 1 *I#q qR ^ | , q^cf ?ft menq f\ % I 

q^njft ^ ^cm?1 qq 3RTvq ^^qi 3 
^ctt feqr vjtktt I i 3TTvjT ^ft vqt^g^, 

fl 

elfeq qT^ft cfc qqq cfc 3TenqT 
wf^tqR ^ft W I, ?^ MIcftciM f\ 
vjTFT^ ^ I v^^TeT^^ ^ q v5TT% fcW^ qfa 
MIcftciM! cfc ^ | TFvjTT ^ fc^ft ^Rq fc^qTcJ 
|3TT I iRT, TRft-TRT qTcftqTeft cfc qfq ^Tcft 
ft qXJ I TTQj i{ TTQj qftq^ft, ^R, cgT?, 

^^^rq^c^MieftclM^q^qT^ft 
qxj | 3q^f vjqcfc cft^jq qjq 3fft ^R v^^Tert^ 
^ q^f c!q? q^t qT^ q^ qcf ^ fct^T^ f | 
Hicftqiel q^T ^ Pi cp el qR q*FT-q>|q qxj, 
?TRm 'Sto 3TcTT vq qft f q^ Xjq> g^sq ^TRT 

aqq^Taft^^ftqg^^i^neRftsft i 

q^RT^ ^ f^Rnqqq ^t^t tft 
dMN qqT^ ^ ^ ^ | cjri^ qT^nql q>t 
q^ ^> qft eRT f$> m%F*\ ftel eft cT^ 3?t^ 



^ cfc cmq if eFt | q>sq f qRJ^q f^TcTet 
qRq? f%Rnqqq ^T^TuT qft I qT^ctq ^ q^ 
dMK qTq# 3ft^ cgxj qqT^ ^ I ufq ^ 
q^^Tq ^ ^ XJcp q^T TRt cR qqT ^f ^ 3ft^ 
^HcfcchKUi^qjqTFm^tft^cft^t^^f ^ 
?ft ctq^RI qRq? ^ 3m? qT^Juft cfc i?qj 
TPJ^^^H^lf^^f^n I ?TqqT^c^q^ v^f 

?nq fctqT vjft ^ qT^nq g*FRT ^n^f c?Tt ^ 

^vjIoIh ftqR eft^ eft f^cTT cfc qT5T | 
vJ^T RldMNH cfc^TR^qTcTTi^eftqc^c|>^^c| 

rn^nq ^vqfk gi? f% qft, eftq> Pfer q^ 
qft, q?n qft i e\1%q RidMNH qT^nq anr^ 
^ ^ 3ft^ c^T ^ ^ f^ qRel ^ 3?q^ft f^tq 
Mo^h qqnj^f f I 

q?FT vjtrt f f% gtch>euii qT^nnt q?t 

^ft dMN ^ ft \5^r ^FRT TRT vjT qT^T qq 
clvqf fctenqT sq I ^^Tert^ cfc qRf qt c^q if 

cTTcqr q^ ^t^f ^ eqq qqT^ cm cmq #qT 

qqTaq I ^?T^r^qg?Tq?feq^^?q eft^ft 
^ Rh >eid l?cb cJWcfc dMN 6|H|i|| I vqq 
q^ ^RT ?ft q^TR ftq^ ^ qj^nq qq cT^ff 
fctqrqqT ig^>euiiqictJ u i1 cfcqfr^ciTeT^ft 

^qft^vJnqft vJTT^t^f I 

anr^^^rft^q^^RqR cm ycini 

ycic||^ ^R-qR qft "qTcR 3Ttc5"^ qTel 
^rft^rq^ cfc ^TqqTift ?nenqi cfc 3Trd 
vilHchK^I f^tclcft qq qqq TR cm ft qR an 
?qq> fen? I ^Tqg^, ftelKH^ sfft ^RR? 
f^Teft ^ xfcel ^TU^Tq ^ eftq ^rft^R? 
ater ^ ^t-^t ^ ^Tenq *ltcl?t ^f f I 
TFqq?T: ?TT cfc qq^xq ff ^f qvJTRT ^ft 
qR feRT qqT sq I ^ft^Tc? ^ q^ qjeft ^ 
eftq q^ f^ f% vjqqq ?n enq 

qvJTRt % qqTqT sq I ^TqqT^ft mRcJkI 3 
ciqRRT ^TRT «TT qqtfe v3-l<£ fen? ft^cft ^ 
q^T cg^? qft I vjftcin-^R TR qq qR 
etqR ?TTenq qq, qq qqq qR^ qTet cfc 
fen? viftqq cfc ijxjf qft mR^i 3^^ 

cfctq-^ftftfctft^? 

3q>q *t ^rq qTq srr ft qx? f i \?q cfc 

qRt q>t *H*v\ qR% qft q^ qR-qTeTT, q^T^R 
^ etq^ ^Rqpft ?TcP qft qR-qraT 3T^pft f^ 
f I vr|q 0 dlelM 6|Hc^ aisfR vjiq c ^f 

qqr^ qTet eftq ^ i ^cmgf, FvqRt ?nenq 

^ ^ ^ qq?c3 qft |I? ^ I e\f%q v^f qqT% 

q^ eftqaqvjT^qqqrR^q^f I 



(cteacf) ^mRhc£[ ^ni?ftcncf[ f%r^ f i) 
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HJlcituil ^IcJcilA rflcild 




<m cPFl cfR^ cfTen 

^RTT 2JT I TRR^ TO 
I ^1 ^TTef m 3 

I vftaeFft, m^^R 3fT^ eftcmfc cf> cp? 
Pt^TT I, fvrRFTT ^ c£ 3T^T ^FTt 3 ^ fc^T 

eft eFT?n I f ^FT ^ 3 JlfcT cfR<ft I 
3ifc WTcT?t TT^ft 3 STT^t 6lful41 cH I lefty fifr? 

vifT?¥t 1 1 ?TFFTR 50 3RT ^ ct ?ft 
T^jft cfc efr*ff c£ *R 3 vJXicpi ^FTR cf>*T 




Ft vrTRT 1 1 ^JyT ef tfl ^ ^PRt 1 1 vjTcT 
c£ 3T*TTcT eft f\ W*jf*t cm ^cRFF TFTT 
% I ctf^R cf> ^RTvjf ^ TJcf> 3Tf5r^TT^T 
eft ?RF ^f, erfecp PTc^f% T^cf, ^ef cj> 
eft ?RF c^T 3?ft cf^ ITcT) cg^Tef 
T TT^T eft £[ v5T cfR vj^r ^ef 3 ^TTftef 

W^ft 3 vftcR eft, XTcf) v#hc|?T TRc^fct eft 
^Ict ?TT ^FTTvjT ^ qpft ^ 

^Ferf^J?T ^Icfl ^ efT?T eft c^IT-H>«sn 

Ft^TT i *rrf[ cf> tftc^ 3 ir Rn^ld HRR&rfrt 

3 ^^Ft vjftcR eft 3fa ^t^Ft cm fc^RT 
3fft IJ^^TT eft ^cfTct vJR^-viFTF 

viTFf dldl<N ^f, iTFft ^f, cT^T 
^cf I ?TT efT cm cmT ^ Ft^TT ?R 
v3^Tc7>t 3TT^TR eRT^ ^ff cf gT^^TT I W^ft ^ 

1 1 eft cf>Fft f^Tc^ cj^ eftcm^^ d^flei 3 
64, cfrtemi?T ?T^fteT ^ 20 3fft d^T ^ 



123 *M c^ ^TFT '^R' an^Tf^T f I ^ 
dc?<Tlel cgiJTcfRUT^R c^ ^TFT ^ $ ^R | 
Wf3T^T85 ^ffcfi cm^TT+icpyui TRq^f I 

meTR vJT^R f^Tf | c^t-rTR ^ ^ ^ffcT f , 
ftr^ ^FT ^ ^R | ^fc^T cT^T ^RtcR ^ff 
1 1 *ffa ^ TRtcR gR ^nXJ-^ ?rE5T ^ffcT 
^TTHcb>iU| c^^Fm^cfi^sft, <f[cpv^¥l?RF 
v^t cm ^TFT ct€t cm ^TFT 

o 

yFf?ft 3TTfct ^FRT TT?TT-ft?TT 3FFft 

Tf?TFTi ^ ^ H eft 4j u fj c|^ cf)FT^T cfR ^ f | 

3?f?}cm^T ^TT eff ^ ^RT fc^RTT vjTT ^ cm 
c?nf c^f uT^T cJT^f fif)-^ cm^UT ^ TJRT ^ ^ 
^mj, ftcf^ ^f^T 3 tjRT ^ cj^ 
cm^RT ^ c^ ^FTTvjT c&\ m^ft 

^ TTcf> ^j^T ^ c5Tef fc^TT 9TT I 

v5Tt^g^, ^Tcft, 41 eft | ^1^, ^rj^^FR, 

T^R«fef cm RWK f^eT?n |l ^f^R 
T^R«fef 3FFT cfTt c»R eR?TT | 
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sfft ft™ cfc ^ptft 

cft^^R^TyT^ cfT^TTv^fezR sfftfiiFTcm^ 
yfctftfii^r effect f , \3TT ^TvjT 3fft TFTTvtI eft 

^ ater ^^r, wRf#r afr^ 

v^cih^Ih ' f^m 1 1 efft^r Ji^fiUw 3 ^ 

^ fera >^ cTT^ ^ ^TS^fi^R q| rIT t 

eft "Or? ^jef vjtrt t ft ^ T^jft eft Tn^n 

*R 1 1 cM 3, y^fcPT cf> ^TcRft 3 ftcRT 
6T?T ?T^R uftTcT^ |, cFFR v3?RT ^ ^T?T 
dldl<N ^#TR 1 1 cpmivji eft cR^ 
3 tff ^ TJcT> ^ ^ ^ f - ftTT 

M^wTUHn! <fr ^TcF^ Ft?TT I cFFR 800 

g^r% c^t^ 700 eR^r, vj^icm 

cf>T TJcP ft^TTef €teTT ^3^T 
1 1 ^RTH§^^^^^T^^3TT^TTft^ 
cffelT ^T^f^R eft ^^ft-^ft eT*ft 

-"cft^f yTeT 1 1 v5RT 3?ft 3TFt ^ ?ft eft ^vif 
3ft^ ^T^R ^ H<W)I^H cf> ^TT^T 

3fft eft eff 3?ft XJcfj 6r|\ yt cF cm y^ST g"R 
f^R n^TTJ ft&nn I ^ 3fT^ 
ytcfi cfc WFt ^fcTT ^cHcbdl 1 1 

NjT^-Njt^ cP^FT 3n^ viTTct f f yiftT g"R 
^ fcftl^ cfTcft ^deb 3 ^TT?RTJ v5£?ct 

vjn^f i ^^yfsr c^^R^T^anxjTnft 

ytcT ^ vJTt ^fteTT 3TT^T fc^I an, ^ ?ft 

wrt ^en ^fen ypft 1 1 ft? ^t|- mi ?Ry> 

ycTcf> *ITc3, Tf^, yfeTTef, elKIci^, 
3FtcJ) ^pff ^ ^ eRFT^, cfR^ ?T2TT 3?ft 
v5TT% cRT-cRT vj? vjTT?TT 1 1 |R ^T°T efcTcFt 
cTT^ *R vjTcT ?TTeTra cfc yRf yf ^ cJR 
ft^FT cFRT |, cFT 3M WFt fel ^ 
?j^cpzrtRcJ^ iJcb vjFI* fecb^rfyRft I 

ir ar^T g?rfeRTT ^pr-^r ^r ^ ftRra - 

efft Rq9*R ^TTl^ f I ^ 3M ^TFT ^ 
^TT^t I ^t^T i$tv\ eF«t 3^^ cf>t^ XJc^ ift eT 

3tt t r cn^ ^ ?n en^r cm 1 20 

^ i^en §3TT 1 1 ?^ ^^TeT^^ cfc TTvjTT 

^ ?ft ^ eRjzn an i h*kicm 

TtvJT ft^ ^ \5?R cfR Zf^r 3TTct 3ft^ 
^RT^ 3nfe ^cf) cf>TTT c?^ 

vjaref-garer cm ^ an i ^tt^t^t 

^HI^McTl c^ feP? iftafl <^e16, ^^TW 3?l^ 
TT^f "g vJR 8TT I TFTT 3PT^ 'HRv^ ^ 
WT?T eFTTcfR GTTsTRUT cfR ^fT, "^Ft ^TT^ efft 
c^T RcbMI fc^TT uTT^T2TT?ft cf>^t ft# 
v^^fteTT vm^T2JT I 



^ 3TFRft cJk^ ?ft sft ^, 
v5^R ^TvJT 3ft^ ^R ^^TeT^^ ^ ^TT% v3T^ 
cM-f^ft ^TeTFRt ^ f^R v5n?n 2JT 3ft^ 

feRTT cj^ v5cfTeTT ^ 3PT^ c^ W^T cfR 

efft #TT cf?t ^ ^^TeT^^ *R 3Tfef^R 

ftzn an 1 skioKH ^ ftdNl ^ cm 

cmef vjFT-^RTvjT^T, ^^cf-^RT^cf, ^ft?T cf> TJRZ 
^FR ^TT^R ^T^t ^ ^RT 1 1 ?R 
^ft ^ 2TT I cftfl cl?[ ^ftviFTT 

^R cf>FT cFR% feT^ ^ 3TTR 

3ft^ 3T7R ^TT^R ^cJTXJ 3?t^ ft^ ^Tc^ 

^PRf 6r|f cf5W ^ ^ cm^ sfti m?\ ^ 

2ft, HoKNcH ^TTef ^ FtcfR ^TRT c^FT 
^3 ^ I MRcJK ^ Tlef ^ iffaft 
^T5^ ^^TeT^^i cfR ^TRT cf>FT ^ 

I TTcT ^ ^T?^¥l ^R ^TRcT) 6He1l ftm I 
ttvjTT eft ft?n ^ ^T^t cm TRft ^ ^7 
^fr cm ^TeR an I ^ft^T TFft ftTen ^ 
^ I ^TvjTT cm WRTTFft^^RTftzn 1 

^cT ^ cTt Tn f I ^ en 

ij\ % cm 3ft^ ^fteTT I ^fftef 

c^ ?nener eft cft^ antfi ^ften^ ^ ^ ^nci, 

Tf^f, gvif 3ft^ GlRlciH cm I ^ft^T ^ 
^PRT ftT ^ cTt en^ 6R7 c^cfeT ^ ^ ^ if 
THT ft^dl 1 1 vjn^ 3ft^ ^FRT ^RvJT 
^T?#^R ^ ^FR-^R f^TefT #^TT vj^eT ^?TT 
1 1 ^fR-^R *TFft ^FT-cftef cTTen ^R 
^RvjT cm ^R *R vjfnj ??RT I eft^ft ^ ^ft 
^T?#^R ^ 3FT^-3FT^ ^TT«f ^ ^TT ^TcTT 

an 1 mener^TvjTTcmarT^yvJTTvj^^iciKcTl, 

WT<ft ^ ^ I cfK 3 Tf^, 

^Tc5 3ft^ vrfeFT^eT cm ft^T^ Ftm W I 

^T?#^R ^ %lcR cfR ftn I *F?tfteR 
^TuTT-yuTT eft vJTT ^^ncPfcft I7cf> 3TcTlJ?T 

ift^TcRTTznani 

XJcf) ^FR UTc5 IR Mld^llell^ ^ 
epff I ^TIR 3ft^ 3TRTORT c^ c^ 

^T5T 3TTcfR ^ 3ft^ cf^f ij^) ^ ^TT^T ^ 
^ I yTeT ^R XJcT> cR^ ^t^-^t^ >l*i\$V\ 
aft^cf^^ftf I cT^R^, ch^^^ft^Tcm 
cft^ cmT 3iccr>dl , ^ *ff eft ^ 3TTc7R ^ 
vJTTT^ I ^ftefcp ^ 3fft frRtn^ c^ Trf^ ^ | 
^RTTen ^Pftl viRTeRTT^ xf^ eft rftcft 

epft I "^fef TTQj IJT^ IR I cmfT-^ cf> cf^RUT 

mRci Rt cm ^r ^ft ti^^fl^>e t[ 3Tc5cm ^?n 1 



d^T T«T U^T c^ vilelel^ 3 vjfRfR 
eFt ^c3 ^ftft^RT c^ ^ ^ 

eft cJcfR iRRTTeT XJcT> ^ ^R^TRT 

an 1 ?ft ?T^-^ cm ^ v5trt an 1 zfr 
3fr^ ^ttt ?ft ^cm?1 qPteiRnl cm ^en 

eFT^I^cJ^^T^^^3n^^y^cTcP 
^] % I ^R 1919 ^ g^ffcR \5*+lciRiF 
vft ^^?TT eft TTcf) TfvJf^f ^ ^^ff cm eTg?T 
^Tof^T cfR^[ 1 1 qTcTt eft cm5Tcft-#3T 
c£*t^y^ ^TRT 1^ TTjT-^vjT cfR ^^ffcR 
3TT vjTTcTT I f#T) ^to\ tftvl T*\ c^ 

dMM ^ ?r y cjyfo c^ ^Pr Tn vjtt^ i 
^ns^ft^R ^ eft^ff em xjeiKRxm ^ an i 

?ro vmm an ^ vj^ c^ tr ^ 6Ri un?n I ^ 
f^y 3 eneft effefr ^tt w qftcm ^ ^r 
^ tfhcrt: ^ f\ ft^fl ar^T 3 eg*? f^ufzr ^ 
fenj^i 

did I el y^ qf^, ^Tc5-yTc5 ^pft 

cg^5 an i ^Tci cft^ cmft sift i ft^ tf\ 

c^eft eft eRT ft ??Ft TRt^R cm TJcf? 

^r?#^R c^ yf^nft ^Tci ^r 'yteT ^n^ft 

y^^T ^R 6|HH| ?R cfR feFTT I y?aR xr 
^Tftcf) HcW>I^Tl ^ STTt^l ^ ^cfd 

f^TTef sTR 3Fft g^T |t ^ an ft 

eft^fi ^ h*hm ~£ em^ any tjc?j 

^ft cm sTRT gFTFJ ^ y^^T sTT^ ^ ^^¥l^R 

^ y^?T ftzn e^Tti" ftn^ ^ ^rt i 

v3£R sTR ^R cmR ^TeRT I T^f^T ^T^T 
^ ?^ cm ^^Ten ^ feFTT I effeft eft 

^R cTft I Wt-^R effeft % y^ST sTT^ eft 
TFT^ ^cft ^rftef ^ Tf^ eFRn f^ I 
TcKNel ^ 3FRT f^jfzf c|cidl I cTW ^ ^TT 
^T^?^¥l^^yteT^dlcii6|Tiy^^Tcp>(dl 
1 3ft^ ^ ^?R ^ ^ effeft e^ ^ ^ ^f ^TTcT 

eff eft eft yt ef c^ $\ cp ^ ?n eTFT eft 
cJTTft ?Ry> iRcftt^T TJcP 7ft ef fuf 1 1 
dMl41 c£ ^TIR ?ft 3F=RT^, ^ 

y^^r^vif^ dlelN c^ ^f?R ghYItJ) ipft 
I, f^RT^ eft^T ^ftc3 cfR^, zn^f ^TFF^-^^TeT 

3TTct ^ ^ 1 ci> ^nar g^r ^ 

3fft ^T?T ^ftef ^Rcft c5T 1 1 ?*Fi ?neTFT eft 

^an cjR^t cnelf y^r^T eft ^cm|f ^cft sft 1 
c^^ft-f^^fl ^r^aff ^ f^r^T ^tvjt gfi anencfi 

eft ypft ^ cTTel cTTcTFI eft ^aTT cm ^ 

McWJiyeptf >e vidian 1 

T^njft ^ ypft ft?RT ^fl cmr 
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<midl Ft, ^Fg#^R cf^T 3TFfft ^ef^T 
3 ??RT 9TT cf^ cf^T eft TT^-Xr^ cjp 
eft TFfe cfR ?TTeTR eft ddldd ^ ^HT 2JT I 

?r meiFr eft ^^neft *ft^r eft cj> 

FTO ^ ftcf>eT cfR ^cIT cf> FTO 3 3TT viTRft I 
xJeRT 3?ft ??FT f^TTef ?TTcTR eft ?rfe 

^Tcir% enci ^RlRcki qpft eft 6^ 

eRcTT I effc^FT ^ 'efFFTT' oft f^f%T^T 
2JT I vift eft^T^-XJcP^cTTTc^ cfR^^fcR 
*R^TT vJTRcT ^, ^ n^TcT> 3?ftRck1 qpft eft 
^T^^^TeRTf^TTT^^ I ^^T?R^^ 

eFKn i ftR v^Rt ^ft xjcp sfft mcrra *r 

vjTRTT I ^Tc? RielRiell, 3TRTP?I ^ *Rt^TT ^ 
Ft^TT, ^ ^ dMI^il ?Tc7> ^TeRn ^TT I 
^t?TTef, ?fffc1<^R, vflM^R, TJeTFRR, 

*nfeiiK-K, ^prr, ^ft^nTR, ^rr, 

3fft ftR fcW^TTcI | ZfFT ?Tc?> q|TcFt TR ift 
^T^t cpRT ?ft fc^RR^ eTR nJ^ c^ 
erf^ft 3, ZTpft ^tc^ cgX^^Tn c^^t 

*RcfR fcRT vjTRTT I qpft eft TJcf> T^cf? ijp 
^TccT 3fft cfTcR ^P5^¥terc fcb^Hb|Tc5 
cTcp c£ TTRT ifteT cHf cVt W 3 3FRT eft cf> 

eiftR 3TTvjT f^Rcf> FT2J 3 
v^TcFfa |, ^TvjT I, ^ WS^fcR cm #1 
^ ef tJcT f ?ft ^ ?TTcfRt 

eft ZTTcT \3^t *TefT cfr^f ^ift ! ^F?#TR c£ 

3Rfft3 ctt^^ cm ^crr^ ars^T eR 

1 1 ^rfefTJ 3Rfft cj> cm *TFft 3R 

M eft 3Tft viTTcTR cT^f 3jfc efi? ufRTT 

dlelleil c^ 3TTWTTTr ^fteT ^?R?fN ef^^ 
c^ H4>H, ^ ^JF f^TfxJT ^rf^rf^TT, 3fft ?TT 
qpft cm ^ ^ cfTFT cfR^ cfTen ?fc^T 
^ yTf?}cTRTJT cm ^?R, v3*Ft cfTFT c^ 

^nefi eft cmcMi gr | i ^tcj, m^hm, 

^Tci^lMI^ ^ft^, eRTTc^, ^fc^ c^cf> ^TR - 
^T^TTef cf> ^ tf^ ^ cJS ^ f | 3n v5T 

e^RI cm ^ ^ef tf\ ^ ^ eRT , f^RFf 
»M fteich^ eft 
c?R^ ^, ^TcT Rchleicl ^ | ?TTefT^ c^ f^FTT^ 
WftcT ^RST7 cm vJTeRcT^T tf\ aft^T-^T 
fc?dch^^chd>e^^7izn|K^cj|cA|cTR^ 
^Tcft ^ v5T eft c^ft cfe gv5f XRSR ^ft 

^ 668 6RTT g^FTT ^g#TR 
'RT^t I eRT^ cfTefi^ v^^FT^TT cT>art% 
^F vJfT% efRcf) Tvjf^jft eft 8ft | eft 
STTfM e^ eftrl 3PPt menwt eft vJ^T TTR 



-TPTTcr eft IRIRT ^Tef^ cTTeft eft ^TRJcT 
?TIcm 3TcTTvJT ^ 9TT ^ vJ^^TT eft 
3TT?ft ^ *JcMi I c^fc^r ^ ari^ft eft tft 

6Tg?rtfkv5T e^^TTST^^f I ^TTen^^R^^T 
^ cfTcft ^ft ^cm|\ 3TTv5T ^ ^ ^ft ^, 

eft^ c^tr cmq^an^^l i q^cftfe^r 
e^ ^nar ^rf^f eft ^ifc^TT ^r¥1 f i *r 

eft^ ^TTcft IR 3TTct -vjTT^ f I cg^ efr*T 
^Tcff ^^-^^^^Reftf^^T^^ 
f , cTt cg^5 iftcT ^TT^ 3fft ^TcTDT ^TT, 1^ 
cRFeft^TRift erun^gijfitelctf I 

^ft^Tf^ 3TM ^ ^TTcfi IR 3TT?¥t 

cp^ efR T^ft €cfR TTTfe^TT ^ ZT^T cS<s^ eft 
ftef vJTpft f , fuFT^ ^g#TR cm ^T^l ^R^ 
c^ fen? ^vrTef ^ eW eFTT ^TT || 

^RvjT 3TTv5T ^ vJTTct 3?t^ ^FRT 
^T?^R 3 *R ^R vj^ef vjTRTT 1 1 

^r?#^R trct> gr ^ cm an i 

3ft? dMM eft gFTHT cf^?T cftc^^T 
Ft^TT I q? ^TTeT^^ ^ F^ ^ - M^KH eR*T c^ 
3T?R ^R dMM eRrt ^- XJcT? ^ TFRP 
e^TTTar'fteflcftcRF^gl? I 

^?^R ^ cft^ 175 eR^T cTTcT 
eRT 2TT v^?RR I ^9TT?ft ef^TTT dMM ^ 
^R 3T*Ft ^ c^ c^RUT eTTcT ^ eRI ^ 

'eTgT WFT' eft ?RF ^ ^TTcT I 



q^R cf> ^ ^^TcT^ e^ vJ^R eft ?RX?> 
Molt^^ft 3TT% cTTefT ^TRT ^T^l Ttc?> 
feRT 1 1 ^ ^?RR 1 3ft^ cjj^ ?Rtfr 

vj^fl qpft ^ f^if^R ergT gtri cfr^rf cm 

fct»TTv5T^ cfR^ft | iTTq eft ^cn^ | etfc^R ZfF 
cflclK 3T^t <sJkT| ^ft^l ^T?c^ eRcft | 
vjft ^TTcft qR c?R ^ eft tf^T^ ?Tcf> vJn^t 
1 1 eft cn^ c^ epft f^T ^TTeft cm ^TTq | 
^TT ^TTefl TR ^TTef ^TF^, ^T^ eft ?RX?) 
^cft^TTt I ^tcRR^^T^ cm^cR vRTcTT!?t 

cmr, ^ cm #^tt ?t^t qpft eft ^ 

eft ?Ri?5 \5eTR?TT 1 1 eRT ^ 

Mg^^^^^Tc7^^RcT?l^FcmJTcmn 

^ 1 1 ^TTFft ^3 vjTT^, ^TF^ «R Ft vjTTXJ ?TT 
f^R ^ ^ cgir cm v^Rtq Ft^ eFRT 1 1 
vJ^R eriy cj> ^[ qR 3TFR cm ^ 
fc}zn uTRT 1 1 ?^ efTO eft ^[cfR 
e^ eft^t^iRIF^T^F^Tf^cnl I 

F^r grt ^rg^r erg?r epgr ti 

f^TTef 3fT^ ^ft 3R^ 3?t^ 
^TTSr ?RF ^RF e^ ^? I 3Tf?JcT> cRf cfTc^ 
d^f[ 3, cTFT ^ 17R: ^Tcft <J> fc^FTT^ f^eT^ 
cfTeTr 3T^^T cm ^ ^ft eTgT WT ^ fteT 
vJTFPTT I engT eRT "4 ^RvjT eft fc^fut ^ eft 
qf^Rt ^ 3Tc5eft ^F^ f , F^T ^Tet, qferTZTT 
f^et ?ft ^ cm qTcTR f^T^xrf ^ft^ ^T-^T cfR 
ciMcbcfl^ftf l^c^vi>(HMKqFTf%zft^ 
TRf^RT% cm ^RTT^T 1 1 ^FT Rcj^idl eft 
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wi stilts 4 311^1^ 

TO, ^ TO, %\ TO, flR 

aft 4, ^\ ^hto^i 



3R^ WR ^#TR 325 ^TTef 
efT^ eRT I Rf^ft 3fR f^TT 3 e|>e^ ^ cfTct qpft 

3FR TTFR eRRf cfTct ^RcR: ZfF tft viidMT 

$ f% 3fr^ mefwt c^r 
c^t urte-virte cjr Rkhi ^vjfte men^r ^r 

TIcTkTT f-3TfR WR $*|cbl 3R^cT ^cJTF^T 
1 1 ?TT efT cjfi ^t^T^ cjfi TTcP g^fj ^¥t$ft 

Tjhft eft <tr ^ grt^ ^ 1 1 cfkre *r 
^ ^flcfteri srcft^i afft ^ vrf ^ ^ Fftft 

^ dlcHleJ 3 sdd^^l 1 1 ?^ft <£[ cJR ^ 
?FTTc3 *TFT 3 3TcR-3TeR *R q?£R c£ 

FTaft ^ cFt f | ^ ^ft-SJvift T^zrf 
?TTefT^ cm vrTcR^R eRn?¥t f I 3T*R « cm 
3TPfft ??RT ^ft | cf^T Tt ^TTeT *R 
cm *Tpft vjRT ^ vtTTXJ I ^pff 3TT^ 3TTct dleim 

eFKn I ^Tcm 3?af an fc}> vjfacrt* 
eft^T ??Ft ^ c^ did I el cfrt ^ *f^R 3 ^ef 
vjTFJ, fuRT^ qT^t ^PRf ^ZJTcTT uRr^T^ft! 

vftaeFft cf> f^rfeq^fr ^t *TFT eg*? 
^ cf>R fc^, fuT^Rf f$lcH*IKo1 3 cg^ 
^ ^ ^Ic^ f ! meTTcT c^?Tef^ ^TRT 

wn^ ^ crt 1 1 ^ *n ctpt zn i 

TOlcf ~m^\ fuT^ ^TT^l ?Tcf> IR, IR, ^c^ef 
^ ^^TT vjTT ffcfc I dMM cm vjfRT 
I, WT) ^ ^Tpft ^ ^f^TT *rft ^?¥t f I 



^ c5T 3R^ WR OR^t ^^?TT 
c^?TT I ^r^ft etf^ft TR q^R ^<jd^, 
^Pl, WdR4l 3ft^ ^ v5?R^ cfc feTX? 

'H^?TT 1 3ft^ 6R^TT?T 3, 'HTcTt ^ ^ I ^st 3R^ 
^TT^R ^ ^ ttdikK ^f^TT fc^ft T^ef 

eR^lfc^dMM^ ^d^c^K^-^^t 

v^^feT^^ T^jft cm TTcfi ^JvjT 

^] %, fuf^fcm ojjRTfi-^f^zrT ^ ^cm wen 

8JT I ^cft cm cft^ ^ 3TT^TT ^ v^Tfcrt"^ 
3ft^ vi^cft OTRf-^TRf ?TTeTR iRT^ cm cfTFT 
TTcTT I 4 M^)M «, ijef WR, 

^ WR, ^efTeT mcTR 3ft^ ^ReTlenrfl 

cm mener-iTcp cj> crre men^r ^r^ ^ 

^HJ | zr^ cm^l 3TTt>jfi c^ aTT"^ ?Tcp cTcft ^ 

TT^eft, Hc?KNert ^R ^ ^ sft | 

^RTviT ^ 3T^T ^ft, v5Tt 3TTvrT c^ qR^TFTT ^ 
3TTfSfc^ ^ cTRvjft^ TTT% vJTT^ f , dlell^l 
c^ c^c^ WfTTeRTI?^^^ | 

*taT ^ ti^rt c?R?n an I ^ 
fc^RTT 500 cm 1 1 WQzft c^ ^nar 

^ f^cPef vjTRTT I c^t# ?Tc7? xfeen 

>HMId ^Pl^-dR I ^^TT fc^ *R cm qpft 3R^ 

vjTKTT I ?TFT cTFR-f eft cim | X^p f^T c^^ ^ 
aft^T-^TT ^Tpft eTcT ^PTT I ^^TT c^t vjTT% cRT 
^TT, v5^T^ XJc^ ^tc5T-^n ^c5T fc^TT, 

cm qT^l ^TefT 3ft^ 3TTcF> Wf 

o 

cjft 3Tc^[ ?R^ cicf) fc^ZTT I ^RT^ cm 
c^R | 3TTvjT WT, cfK^f cfT^t 3fft | ^^TT eft 

?Tcj) \j^r vjT 7 ^ ^r vttt ^fem i cr^r 

cfl>tf^ f^=T qg'cT TTRTT I FTafi ^ 3TTcT? 

q^ ^ ^ Fc5n? I ^5cl ^ irrft ?ft ^ an ^r 

d1f^Zf^?ne^^6R>(icr)cil f I 

^^TT ^ 3Tc^ # dMM gRRT 
fc^TT | 3R cf^ TtvJT 3R^ *TTO cgcTTef-cFIT^ 
^ efKn I fc^T 3Tc^ fecf^ ^tcT?n 3ft^ 
^TTef^R^TeRT I ^TT^ ^ cf^t aTRT-^TRr "cR^l 
^?¥t I lfr*T ^^ft ^ifckl aft, crfc^R #q 



cjfl ^rfc^T v^^TT efeq an ^TT ITRT I eft cf^ 
?TcPcfF3Tc^c^^ eRT^T I ^RTC^W-dH^ 
^TTef cm fct^TTef ^^T eRT 
an I ^TTef ^iR TTTcf cf>t ^ ePft I ^vjT 
^ef^ TTTcf ^ gTc^ 3fft cj^ eft^T ^ft cf> 

Tnar ot^ eFt i ^pt f^efc?R cm^r cm<^ 1 12 

^Telfrt^a}, R^IM ?TT eTR ^R cfTFT 

^ef^Tan I c^fc^T^Tc^NjfR^fi^t^ I 
q^fl ^R?t ^T^f I dMN ^R ^TT cfc 
WcT^ cf^ cfTFT c?R^ 3TT?ft I 6 ^ ?n en^T 
^RT|3ni 

^tr cm^TJT gr?tt ^ gan an, 

^rrfefTJ ^ vjR^ cm ^TT^T *TR vift cITcT 
^ ft^c^ inq ^ ^RT I ^Rcn^ c^t, 
^RTvjT ^ ^^ftv^ cfi\ ?RF ^TT^ T^T 3?R 
dMM c^qra^^^c^^^^?Tft3ft^ 
v5^t q^ft clft ^jft ^ efft Xjcp ^ cfo?t iRT^ 
^ I cTR ftcT^-^TeFft ^ q^^ 

cTTeTT ^t c5T-^n c?R^T 1 1 ^T^T ^ cT^ftft c^ 
5 - 7 ^Rt ^nen TO 3T5^T 1 1 eRTt ^ fcTg^ft 
qTef 3T5^ eRef ^ 1 1 T^-^T 
^ qTef c^ ^ ?Rq> ?J^eR¥t |, sFQ ?Rq> 
*t*Ttv5ft ?nen^T ^ el^ v5c3^t f I iR^R 
fc^Tl ^ eft dldN ^ en^c5T (sftq) 'eFl' 

3ft^ ^^RTvjT *Tct #t cTR 
3TT^ Ft, c^fc^FT T^njft ^ ^ftv^ vft^ eftri^ 

cjft cmft ^ ^ | TTpft TTR^ Tf ^?RT 

zft^zf cR ^cm ^RTvJT ^ft^RT c^t, 

c??t^Ter c^t, 3T^RT eRFTR ^R^ ^ cfRHT 
cfF fc^TR "HTcT ^ 3*|cbl ^RT ^7 ^Pn^ cjft 

#q cfr^ f^R ^cm c^m ti cf^ f 

TFT^TRH ^ ^HHim Ft ^TT^ ^ftc^OT 

c^^r ^ 3T^^ c^t ^nar ^cm? ^Tf^m ^n 
^ $ I vj^Tcm ^ar h*>Wc}st qR c?r ^ft an i 

3n^T ^^Tcrt^ T7RI f^c5 q^?T ^R 
vJ^^T mf^t ?TqW cfR^ gir fj^ | aftc^nrr ^ 
vJ"^c? IPTR fcWf 3ft^ cR Tri"^ cf>t c^FT I 

v3Tjn cm 3tsJ I ^n i ^rg^r mft ^ ^ i 

v?^^ 3R^ fefTJ cg^5 Tj^f TfTTjr | n^J ^ 
maf^TT cl?t f!f> zrfct cg^5 guzr f ?ft 'H^TcTR 

^R^fc^^r^^ cinft vjfef cmar^FT^^ i 

WiJPt c^ TRTvJT % cRcTT^T c^t TTQ> 
3n^T cj?[ ?RF feRT 3?ft 3R^ c^t^Tef ^ 

1 3 4 ic4^ii c?>t3jc3enfctzn I ■ 

(c^^cf) ^mRHc£[ *ffsftcTTcf[ frjcTc?) f |) 
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Techniques of 



Rain Water Harvesting 




DEVI SINGH 

In a 
progressive 
society it is 
natural that 
demands of 
water remain on 
the rise. In this 
context the 
issues are varied 
and complex in 
our country, because in India there are 
remarkable variation in the availability 
of water on account of the regional 
rainfall and geography. Alongwith, the 
increasing population and urbanization 
are having telling effect on the 
availability and quality of water. 




Rain water harvesting is the 
technique of collection and storage of 
rain water at surface or in sub-surface 
aquifers, before it is lost as surface run- 
off. The augmented resource can be 
harvested in the time of need. Artificial 
recharge to ground water is a process by 
which the ground water reservoir is 
augmented at rate exceeding that under 
natural conditions of replenishment. 

NEED 

♦ To overcome the inadequacy of 
waters to meet our demands. 

♦ To arrest decline in ground water 
levels. 

♦ To enhance availability of ground 
water at specific place and time and 
utilize rain water for sustainable 
development. 



♦ To increase infiltration of rain 
water in the subsoil which has 
decreased drastically in urban 
areas due to paving of open area. 

♦ To improve ground water quality 
by dilution. 

♦ To increase agriculture production. 

♦ To improve ecology of the area by 
increase in vegetation cover, etc. 

ADVANTAGES 

♦ Cost of recharge to sub-surface 
reservoir is lower than surface 
reservoirs. 

♦ The aquifer serves as distribution 
system also. 

♦ No land is wasted for storage 
purpose and no population 
displacement is involved. 

♦ Ground water is not directly 
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exposed to evaporation and 
pollution. 

♦ Storing water underground is 
environment friendly. 

♦ It increases the productivity of 
aquifer. 

♦ It reduces flood hazards. 

♦ Effects rise in ground water levels. 

♦ Mitigates the effects of drought. 

♦ Reduces soil erosion. 

DESIGN CONSIDERATIONS: 

The important aspects to be looked 
into for designing a rainwater 
harvesting system to augment ground 
water resources are: - 

♦ Hydrogeology of the area 
including nature and extent of 
aquifer, soil cover, topography, 
depth to water level and chemical 
quality of groundwater. 

♦ The availability of source water, 
one of the prime requisite for 
ground water recharge, basically 
assessed in terms of non- 
committed surplus monsoon 
runoff. 

♦ Area contributing run off like area 
available, land use pattern, 
industrial, residential, green belt, 
paved areas, roof top area etc. 

♦ Hydrometerological characters 
like rainfall duration, general 
pattern and intensity of rainfall. 

POTENTIAL AREAS 

♦ Where ground water levels are 
declining on regular basis. 

♦ Where substantial amount of 
aquifer has been de-saturated. 

♦ Where availability of ground 
water is inadequate in lean 
months. 

♦ Where due to rapid 
urbanization, infiltration of rain 
water into subsoil has decreased 
drastically and recharging of 
ground water has diminished. 

METHODS & TECHNIQUES 

The methods of ground water 
recharge mainly are: 



♦Urban Areas 
Roof Top Rain Water /Storm run 
off harvesting through 

i) Recharge Pit 

ii) Recharge Trench 

iii) Tubewell 

iv) Recharge Well 
♦Rural Areas 

Rain Water Harvesting through 

a) Gully Plug 

b) Contour Bund 

c) Gabion Structure 

d) Percolation tank 

e) Check Dam/ Cement Plug/ 
NalaBund 

f) Recharge shaft 

g) Dugwell Recharge 

h) Ground Water Dams/ 
Sub-surface Dyke 

URBAN AREAS 

In urban areas, rain water 
available from roof tops of buildings, 
paved and unpaved areas goes waste. 
This water can be recharged to aquifer 
and can be utilized gainfully at the time 
of need. The rain water harvesting 
system needs to be designed in a way 
that it does not occupy large space for 
collection and recharge system. A few 
techniques of roof top rain water 
harvesting in urban areas are described 
below. 

(i) ROOF TOP RWH THROUGH 
RECHARGE PIT 

♦ In alluvial areas where permeable 
rocks are exposed on the land 
surface or at very shallow depth, 
roof top rain water harvesting can 
be done through recharge pits. 

♦ The technique is suitable for 
buildings having a roof area of 100 
sq.m. and are constructed for 
recharging the shallow aquifers. 

♦ Recharge Pits may be of any shape 
and size and are generally 
constructed 1 to 2 m. wide and 2 to 
3 . deep which are back filled with 
boulders (5-20 cm), gravels (5- 
10mm) and coarse sand (1.5- 2mm) 
in graded form. Boulders at the 
bottom, gravels in between and 
coarse sand at the top so that the silt 



content that will come with runoff 
will be deposited on the top of the 
coarse sand layer and can easily be 
removed. For smaller roof area, pit 
may be filled with broken bricks/ 
cobbles. 

♦ A mesh should be provided at the 
roof so that leaves or any other 
solid waste / debris is prevented 
from entering the pit and a desilting 
/collection chamber may also be 
provided at the ground to arrest the 
flow of finer particles to the 
recharge pit. 

♦ The top layer of sand should be 
cleaned periodically to maintain 
the recharge rate. 

♦ By-pass arrangement be provided 
before the collection chamber to 
reject the first showers. 

(ii) ROOF TOP RWH THROUGH 
RECHARGE TRENCH 

♦ Recharge trenches are suitable for 
buildings having roof area of 200- 
300 sq. m. and where permeable 
strata is available at shallow 
depths. 

♦ Trench may be 0.5 to 1 m wide, 1 to 
1.5m. deep and 10 to 20 m. long 
depending upon availability of 
water to be recharge. 

♦ These are back filled with boulders 
(5-20cm), gravel (5-10 mm) and 
coarse sand (1.5-2 mm) in graded 
form - boulders at the bottom, 
gravel in between and coarse sand 
at the top so that the silt content 
that will come with runoff will be 
coarse sand at the top of the sand 
layer and can easily be removed. 

♦ A mesh should be provided at the 
roof so that leaves or any other 
solid waste/debris is prevented 
from entering the trenches and 
adesilting/collection chamber 
may also be provided on ground to 
arrest the flow of finer particles to 
the trench. 

-►A mesh should be provided at the 
By-pass arrangement be provided 
before the collection chamber to 
reject the first showers. 

-►The top layer of sand should be 
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cleaned periodically to maintain 
the recharge rate. 

(iii) ROOF TOP RWH THROUGH 
EXISTING TUBE WELLS 

-► In areas where the shallow aquifers 
have dried up and existing 
tubewells are tapping deeper 
aquifer, roof to rain water 
harvesting through existing 
tubewell can be adopted to 
recharge the deeper aquifers. 

-►PVC pipes of 10 cm dia are 
connected to roof drains to collect 
rainwater. The first roof runoff is 
let off through the bottom of 
drainpipe. After closing the bottom 
pipe, the rainwater of subsequent 
rain showers is taken through a T 
to an online PVC filter. The 
filter may be provided before water 
enters the tubewells. The filter is 1 
-1 .2 m. in length and is made up of 
PVC pipe. It's diameter should 
vary depending on the area of roof, 
15 cm if roof area is less than 150 
sq m and 20 cm if the roof area is 
more. The filter is provided with a 
reducer of 6.25 cm on both the 
sides. Filter is divided into three 
chambers byPVC screens so that 
filter material is not mixed up. The 
first chamber is filled up with 
gravel (6- 10mm), middle chamber 
with pebbles (12-20 mm) and last 
chamber with bigger pebbles (20- 
40 mm). 

-► If the roof area is more, a filter pit 
may be provided. Rainwater 
from roofs is taken to 
collection/desilting chambers 
located on ground. These 
collection chambers are 
interconnected as well as 
connected to the filter pit through 
pipes having a slop of 1:15. The 
filter pit may vary in shape and size 
depending upon available runoff 
and are back- filled with graded 
material, boulder at the bottom, 
gravel in the middle and sand at the 
top with varying thickness (0.30- 
0.50m) and may be separated by 
screen. The pit is divided into two 



chambers,filter material in one 
chamber and other chamber is kept 
empty to accommodate excess 
filtered water and to monitor the 
quality of filtered water. A 
connecting pipe with recharge well 
is provided at the bottom of the pit 
for recharging of filtered water 
through well. 

(iv) ROOF TOP RWH THROUGH 

TRENCH WITH RECHARGE 
WELL 

-►In areas where the surface soil is 
impervious and large quantities of 
roof water or surface runoff is 
available within a very short period 
of heavy rainfall, the use of trench/ 
pits is made to store the water in a 
filter media and subsequently 
recharge to ground water through 
specially constructed recharge 
wells. 

-► This techniques is ideally suited for 
area where permeable horizon is 
within 3m below ground level. 

-►Recharge well of 100-300 diameter 
is constructed to a depth of at least 
3 to 5 m below the water level. 
Based on the lithology of the area 
well assembly is designed with 
slotted pipe against the shallow 
and deeper aquifer. 

-► A lateral trench of 1 .5 to 3m width 
and 10 to 30 m length, depending 
upon the availability of water is 
constructed with the rechargewell 
in the centre. 

-► The number of recharge wells in 
the trench can be decided on the 
basis of water availability and local 
vertical permeability of the rocks. 

-►The trench is backfilled with 
boulders, gravels and coarse sand 
to act as a filter media for the 
recharge wells. 

-►If the aquifer is available at greater 
depth say more than 20 meters, a 
shallow shaft of 2 to 5 m diameter 
and 3-5 meters deep may be 
constructed depending upon 
availability of runoff. Inside the 
shaft a recharge well of 100- 
300 mm dia is constructed for 



recharging the available water to 
the deeper aquifers. At the bottom 
of the shaft a filter media is 
provided to avoid choking of 
rechargewell. 

RURAL AREAS 

In rural areas, rain water 
harvesting is taken up considering 
watershed as a unit. Surface 
spreading techniques are common 
since space for such systems is 
available in plenty and quantity of 
recharged water is also large. 
Following techniques may be 
adopted to save water going waste 
through slopes, rivers, rivulets and 
nalas. 

(i) RWH THROUGH GULLY PLUG 

-►Gully Plugs are built using local 
stones, clay and bushes across small 
gullies and streams running down 
the hill slopes carrying drainage to 
tiny catchments during rainy 
season. 

-► Gully Plugs help in conservation of 
soil and moisture. 

-►The sites for gully plugs may be 
chosen whenever there is a local 
break in slope to permit 
accumulation of adequate water 
behind the bunds. 

(ii) RWH THROUGH CONTOUR 
BUND 

-►Contour Bunds are effective 
methods to conserve soil moisture 
in watershed for long duration. 

-►These are suitable in low rain fall 
areas where monsoon run off can 
be impounded by constructing 
bunds on the sloping ground all 
along the contour of equal 
elevation. 

-> Flowing water is intercepted before 
it attains the erosive velocity by 
keeping suitable spacing between 
bunds. 

-►Spacing between two contour 
bunds depends on the slope the area 
as the permeability of the soil. 
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Lesser the permeability of soil, the 
close should be spacing of bunds. 
-►Contour bunding is suitable on 
lands with moderate slopes without 
involving terracing. 

(iii) RWH THROUGH GABION 
STRUCTURE 

-►This is a kind of check dam 
commonly constructed across 
small streams to conserve stream 
flows with practically no 
submergence beyond stream 
course. 

-►A small bund across the stream is 
made by putting locally available 
boulders in a mesh of steel wires 
and anchored to the stream banks. 

-►The height of such structures is 
around 0.5 m and is normally used 
in the streams with width of less 
than 10 m. 

-►The excess water over flows this 
structure storing some water to 
serve as source of recharge. The silt 
content of stream water in due 
course is deposited in the interstices 
of the boulders in due course and 
with growth of vegetation, the 
bund becomes quite impermeable 
and helps in retaining surface water 
run off for sufficient time after rains 
to recharge the ground water body. 

(iv) RWH THROUGH PERCOLATION 
TANK 

-►Percolation tank is an artificially 
created surface water body, 
submerging in its reservoir a highly 
permeable land so that surface 
runoff is made to percolate and 
recharge the ground water storage. 

-►Percolation tank should be 
constructed preferably on second to 
third order steams, located on 
highly fractured and weathered 
rocks, which have lateral continuity 
down stream. 

-►The recharge area down stream 
should have sufficient number of 
wells and cultivable land to benefit 
from the augmented ground water. 

-►The size of percolation tank should 



be governed by percolation 
capacity of strata in the tank bed. 
Normally percolation tanks are 
designed for storage capacity of 0. 1 
to 0.5 MCM. It is necessary to 
design the tank to provide a ponded 
water column generally between 
3&4.5m. 
-►The percolation tanks are mostly 
earthen dams with masonry 
structure only for spillway. The 
purpose of the percolation tanks is 
to recharge the ground water 
storage and hence seepage below 
the seat of the bed is permissible. 
For dams upto 4.5 m height, cut off 
inches are not necessary and keying 
and benching between the dam seat 
and the natural ground is sufficient. 

(v) RWH THROUGH CHECK DAMS / 
CEMENT PLUGS / NALA BUNDS 

-►Check dams are constructed across 
small streams having gentle slope. 
The site selected should have 
sufficient thickness of permeable 
bed or weathered formation to 
facilitate recharge of stored water 
within short span of time. 

-►The water stored in these structures 
is mostly confined to stream course 
and the height is normally less than 
2 m and excess water is allowed to 
flow over the wall. In order to avoid 
scouring from excess run off, water 
cushions are provided at 
downstream side. 

-►To harness the maximum run off in 
the stream, series of such check 
dams can be constructed to have 
recharge on regional scale. 

-►Clay filled cement bags arranged as 
a wall are also being successfully 
used as a barrier across small nalas. 
At places, shallow trench is 
excavated across the nala and 
asbestos sheets are put on two sides. 
The space between the rows of 
asbestos sheets across the nala is 
backfilled with clay. Thus a low cost 
check dam is created. On the 
upstream side clay filled cement 
bags can be stacked in a slope to 
provide stability to the structure. 



(vi)RWH THROUGH RECHARGE 
SHAFT 

-► This is the most efficient and cost 
effective technique to recharge 
unconfined aquifer overlain by 
poorly permeable strata. 

-►Recharge shaft may be dug 
manually if the strata is of non- 
caving nature. The diameter of 
shaft is normally more than 2 m. 

-►The shaft should end in more 
permeable strata below the top 
impermeable strata. It may not 
touch water table. 

-►The unlined shaft should be 
backfilled, initially with boulders/ 
cobbles followed by gravel and 
coarse sand. 

-►In case of lined shaft the recharge 
water may be fed through a smaller 
conductor pipe reaching up to the 
filter pack. 

-►These recharge structures are very 
useful for village ponds where 
shallow clay layer impedes the 
infiltration of water to the aquifer. 

-►It is seen that in rainy season village 
tanks are fully filled up but water 
from these tanks does not percolate 
down due to siltation and tubewell 
and dugwells located nearby 
remains dried up. The water from 
village tanks get evaporated and is 
not available for the beneficial use. 

-►By constructing recharge shaft in 
tanks, surplus water can be 
recharged to ground water. 
Recharge shafts of 0.5 to 3 m. 
diameter and 10 to 15 m. deep are 
constructed depending upon 
availability of quantum of water. 
The top of shaft is kept above the 
tank bed level preferably at half of 
full supply level. These are back 
filledwith boulders, gravels and 
coarse sand. 

-►In upper portion of 1 or 2 m depth, 
the brick masonry work is carried 
out for the stability of the structure. 

-►Through this technique all the 
accumulated water in village tank 
above 50% full supply level would 
be recharged to ground water. 
Sufficient water will continue to 
remain in tank for domestic use 
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after recharge. Abandoned Dug 
Well Abandoned Dug Well fitted 
with Rain Water Harvesting 
Mechanism 

(vii)RWH THROUGH DUGWELL 
RECHARGE 

-►Existing and abandoned dug wells 
may be utilized as recharge 
structure after cleaning and 
desiltingthe same. 

-►The recharge water is guided 
through a pipe from desilting 
chamber to the bottom of well or 
below the water level to avoid 
scouringof bottom and entrapment 
of air bubbles in the aquifer. 

-►Recharge water should be silt free 
and for removing the silt contents, 
the runoff water should pass either 
through a desilting chamber 
or filter chamber. 

-►Periodic chlorination should be 
done for controlling the 
bacteriological contaminations. 



(viii) SUB-SURFACE DYKES 
-►Sub surface dyke or under-ground 
dam is a subsurface barrier across 
stream which retards the base flow 
and stores water upstream below 
ground surface. By doing so, the 
water levels in upstream part of 
ground water dam rises saturating 
otherwise dry part of aquifer. 

-►The site where sub-surface dyke is 
proposed should have shallow 
impervious layer with wide valley 
and narrow out let. 

-►After selection of suitable site, a 
trench of 1-2 m wide is dug across 
the breadth of stream down to 
impermeable bed. The trench may 
be filled with clay or brick/ concrete 
wall upto 0.5m. below the ground 
level. 

-►For ensuring total imperviousness, 
PVC sheets of 3000 PSI tearing 
strength at 400 to 600 gauge or low- 
density polythene film of 200 
gauges can also be used to cover the 
cut out dyke faces. 



-►Since the water is stored within the 
aquifer, submergence of land can be 
avoided and land above the 
reservoir can be utilized even after 
the construction of the dam. No 
evaporation loss from the reservoir 
and nosiltation in the reservoir 
takes place. The potential disaster 
like collapse of the dams can also be 
avoided of the total water on earth 
only 3% constitutes freshwater. Rest 
is saline water in the oceans. 

DISTRIBUTION OF FRESH 
WATER ON EARTH 

♦ 11% of the total freshwater o earth is 
groundwater available upto a depth 
of 800m which can be extracted for 
use. 

♦ Mindless extraction and over 
exploitation of very small quantity 
of this precious nature resource 
has caused a rapid depletion and 
deterioration in its quantity and 
quality both. ■ 

*(Author is retd. additional chief engineer, 
PHED, Rajasthan 



Rainwater harvesting 



A Complete Solution for India 



■ S. Vishwanath 



Water availability per capita 
has been on the decline in India. Two 
reasons have been the increasing 
demand for water and the increasing 
population. The quantum of water 
available to the country being fixed the 
increasing demand reduces per capita 
water availability. Agriculture continues 
to be the single largest consumer of 
water however industrial demand for 
water shows the fastest growth. 
Especially South India and in particular 
Karnataka is a drought prone region. 
The state enjoys the dubious distinction 
of having the second largest area prone 
to drought next only to Rajasthan. 

Water scarcity is however a 
world wide issue and many steps are 
being taken to manage it from policy and 



project levels but increasingly it is being 
recognized that people from various 
sectors have to become partners in the 
solution process and not remain simply 
as institutional beneficiaries. 

India is blessed with adequate 
rainfall as a whole, yet there are large 
swathes of dry, drought prone area. In 
many other places the quality of 
groundwater is not good. In such places 
rainwater harvesting can provide lifeline 
water for survival and more. 
Solutions for water management: At a 
broader level Economic pricing of 
water, legal framework for its 
sustainable management, information 
and training for its adequate 
management are all solution. At a 
smaller micro level, efficient use of 



water is one solution as is water reuse 
and recycling. Rainwater harvesting is 
emerging as one more component in the 
basket of solutions. 

Rainwater harvesting: 

The collection and storage of rain 
water for later productive use is defined 
as rainwater harvesting. 

With severe drought being 
experienced in several parts of the 
world, rainwater harvesting an ancient 
technique is fast reemerging on the 
development sector front as a potential 
weapon for 'water security' of people, 
villages and industries. 
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world, rainwater harvesting an ancient 
technique is fast reemerging on the 
development sector front as a potential 
weapon for 'water security' of people, 
villages and industries. 

Components of rainwater harvesting: 

Any rainwater harvesting system has 
three components 

(a) Catchment 

(b) Conveyance 

(c) Storage 

Rainwater harvesting is further 
categorized based on the catchment for 
the rainwater as rooftop rainwater 
harvesting, rainwater harvesting from 
paved and unpaved area called storm 
water harvesting rainwater harvesting 
from water channels or streams called 
flood water harvesting 

Catchment: 

Any surface can act as the 
catchment for rainwater harvesting. 
Rooftops are favoured because of the 
large coefficient of run-off generated 
from them and the relatively less 
likelihood of their contamination. Paved 
areas, footpaths and roads are also good 
rainwater runoff generators and with 
adequate catchment management 
strategies can provide good quantity and 
adequate quality of runoff water for use. 
Unpaved areas also generate runoff 
during heavy storms and can be 
modified to act as rainwater catchment. 

Conveyance: 

Conveyance systems can be the 
catchment surface itself acting as a sheet 
runoff. For rooftops rainwater gutters 
and rainwater down pipes are 
conveyance systems, which need to be 
designed appropriately so as to manage 
the severest intensity of rain as well as 
not to lose any water during the 
conveyance process. Storm water drains, 
French drains with pebbles are also 
conveyance systems. 

Storage: 

From the simplest ground level 
tank, to underground sumps, surface 
lined ponds and large lakes storage 
options are many depending on the 
context of the rainwater harvesting 



design. In many a case the soil profile 
may also permit artificial recharge of 
rainwater to open wells and borewells 
where water can be stored to be retrieved 
later for productive use. 

Rainwater harvesting urban areas: 

A simple rain barrel connected 
to the down pipes bringing rain down 
from the roof is a good way to begin. 
Depending on the distribution of rainfall 
at a place, substantial amounts of 
rainwater can be harvested. In Bangalore 
for example, if a 500 litre rain barrel is 
connected to a 50 square metre roof, 
more than 23,000 litres of rain can be 
harvested annually. A slight increase in 
storage capacity of say 6000 litres 
connected to a 100 square metre roof 
area can harvest between 70,000 to 
80,000 litres annually. A recharge well is 
another interesting way of harvesting 
rainwater. Typically such wells are about 
1 metre in diameter and can go to be 6 
metres deep or even deeper. 

Rainwater from rooftops and 
even from land surface can be led into 
these recharge wells. They will revitalize 
the groundwater table and in many cases 
aquifers have been rejuvenated and 
groundwater has become accessible for 
use. 

Rainwater harvesting in rural areas: 

Traditionally water harvesting 
was done in 'tanks', manmade lakes and 
'kalyani' or step well in rural areas. In the 



modern context, it is necessary to revive 
the ancient culture of maintaining these 
beautiful rain harvesting structures and 
make them functional. 

Rooftop rainwater harvesting 
has also become necessary in villages 
suffering for lack of water. These 
structures provide clean fluoride and 
arsenic free water at the door step In rural 
areas farm ponds are good methods of 
harvesting rainwater. They can either be 
used a s collection structures or as 
recharge structures depending on the 
nature of the soil and the condition of 
infiltration and percolation at a place. 
Poly houses too can harvest rainwater 
and if used through a drip irrigation 
mechanism much water requirement of 
the poly house can come from rain water 

Potential for rainwater harvesting: 

One acre of land in Bangalore 
for example, with about 900 mm of rain 
receives nearly 36 lakh litres of water 
as endowment. A small 100 square metre 
of roof area would receive 90,000 litres 
of rainwater in an average year of rain. 

You can calculate what is the 
potential of rainwater harvesting in your 
area and have one appropriate for you. 
Rainwater harvesting has tremendous 
potential and it is up to each one of us to 
push this technique further for a 
sustainable water situation for India. ■ 

*(Author is Rain Water Harvesting Expert) 
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Water Resources of India 




Rakesh Kumar with 
R. D. Singh & 
K. D. Sharma 



Water resources of a country 
constitute one of its vital assets. India 
receives annual precipitation of about 
4000 kni3. The rainfall in India shows 
very high spatial and temporal 
variability and paradox of the situation 
is that Mousinram near Cherrapunji, 
which receives the highest rainfall in the 
world, also suffers from a shortage of 
water during the non-rainy season, 
almost every year. The total average 
annual flow per year for the Indian river 
is estimated as 1953 km3. The total 
annual replenishable groundwater 



resources are assessed as 432 km3. The 
annual utilizable surface water and 
groundwater resources of India are 
estimated as 690 km3 and 396 km3 per 
year, respectively. With rapid growing 
population and improving living 
standards the pressure on our water 
resources is increasing and per capita 
availability of water resources is 
reducing day by day. Due to spatial 
and temporal variability in precipitation 
the country faces the problem of flood 
and drought syndrome. 
Overexploitation of groundwater is 
leading to reduction of low flows in the 
rivers, declining of the groundwater 
resources, and salt water intrusion in 
aquifers of the coastal areas. Over canal- 
irrigation in some of the command areas 
has resulted in waterlogging and salinity. 




The quality of surface and groundwater 
resources is also deteriorating because 
of increasing pollutant loads from point 
and non-point sources. The climate 
change is expected to affect precipitation 
and water availability. So far, the data 
collection, processing, storage and 
dissemination have not received 
adequate attention. The efforts initiated 
under the Hydrology Project Phase-I and 
the development of the Decision 
Support System proposed under 
Hydrology Project Phase-II are expected 
to bridge some of the gaps between the 
developed advanced technologies of 
water resources planning, designing and 
management and their field 
applications. The paper presents 
availability and demands of water 
resources in India as well as describes 
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the various issues and 
strategies for developing 
a holistic approach for 
sustainable development 
and management of the 
water resources of the 
country. It also highlights 
integration of the blue 
and green flows and 
concepts of virtual water 
transfer for sustainable 
management of the water 
resources for meeting the 
demands of the present, 
without compromising 
the needs of future 
generations. 

Water 
resources of India 
Although India occupies 
only 3.29 million kni2 
geographical area, which 
forms 2.4% of the world's 
land area, it supports over 
15% of the world's 
population. The 
population of India as on 
1 March 2001 stood at 
1,027,015,247 persons. 
Thus, India supports 
about l/6th of world 
population, l/50th of 
world's land and l/25th 
of world's water 
resources?. India also has 
a livestock population of 
500 million, which is 
about 20%) of the world's 
total livestock 
population. More than 
half of these are cattle, forming the 
backbone of Indian agriculture. The total 
utilizable water resources of the country 
are assessed as 1086 km3. A brief 
description of surface and groundwater 
water resources of India is given below. 

Surface water resources 

In the past, several 
organizations and individuals have 
estimated water availability for the 
nation. Recently, the National 
Commission for Integrated Water 
Resources Developments estimated the 
basin-wise average annual flow in 
Indian river systems as 1953 km3. The 
details are given in Table 1. Utilizable 
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water resource is the quantum of 
withdrawable water from its place of 
natural occurrence. Within the 
limitations of physiographic conditions 
and socio-political environment, legal 
and constitutional constraints and the 
technology of development available at 
present, utilizable quantity of water from 
the surface flow has been assessed by 
various authorities differently. The 
utilizable annual surface water of the 
country is 690 km3 (Table 1)9. There is 
considerable scope for increasing the 
utilization of water in the 
GangaBrahmaputra basins by 
construction of storages at suitable 
locations in neighbouring countries. 



Groundwater resources 

The annual potential natural 
groundwater recharge from rainfall in 
India is about 342.43 km3, which is 
8.56% of total annual rainfall of the 
country. The annual potential 
groundwater recharge augmentation 
from canal irrigation system is about 
89.46 km3. Thus, total replenishable 
groundwater resource of the country is 
assessed as 431.89%. After allotting 
15%o of this quantity for drinking, and 6 
km3 for industrial purposes, the 
remaining can be utilized for irrigation 
purposes. Thus, the available 
groundwater resource for irrigation is 
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It is expected that about 70% of urban water requirement 
and 30% of rural water requirement will be met by surface 
water sources and the remaining from groundwater. 



361 km3, of which utilizable quantity 
(90%) is 325 kni3. The estimates by the 
Central Groundwater Board (CGWB) of 
total replenishable groundwater 
resource, provision for domestic, 
industrial and irrigation uses and 
utilizable groundwater resources for 
future use are given in Table 2. The 
basinwise per capita water availability 
varies between 1 3,393 m3 per annum for 
the BrahmaputraBarak basin to about 
300 m3 per annum for the Sabarmati 
basin. 

The state-wise estimates of 
dynamic groundwater (fresh) resource 
made by the CGWB 1 0 are given in Table 
3. The basin- wise groundwater potential 
of the country is given in Table 4. Water 
requirements of India Traditionally, 
India has been an agriculture-based 
economy. Hence, development of 
irrigation to increase agricultural 
production for making the country self- 
sustained and for poverty alleviation has 
been of crucial importance for the 
planners. Accordingly, the irrigation 
sector was assigned a very high priority 
in the 5 -year plans. Giant schemes like 
the Bhakra Nangal, Hirakud, Damodar 
Valley, Nagarjunasagar, Rajasthan Canal 
project, etc. were taken up to increase 
irrigation potential and maximize 
agricultural production. Long-term 
planning has to account for the growth of 
population. 

According to National Water 
Policy 1, the production of food grains 
has increased from around 50 million 
tonnes in the fifties to about 203 million 
tonnes in the year 19992000. A number 
of individuals and agencies have 
estimated the likely population of India 
by the year 2025 and 2050. According to 
the estimates adopted by NCIWRD9, by 
the year 2025, the population is expected 
to be 1333million in high-growth 
scenario and 1286 million in low growth 
scenario. For the year 2050, high rate of 
population growth is likely to result in 
about 1581 million people while the low 
growth projections place the number at 



nearly 1 346 million. Keeping in view the 
level of consumption, losses in storage 
and transport, seed requirement, and 
buffer stock, the projected food- grain 
and feed demand for 2025 would be 320 
million tonnes (high-demand scenario) 
and 308million tonnes (low-demand 
scenario). 

The requirement of food grains 
for the year 2050 would be 494 million 
tonnes (high-demand scenario) and 420 
million tonnes (lowdemand scenario). 
Table 5 provides details of the 
population of India and per capita water 
availability as well as utilizable surface 
water for some of the years from 1 95 1 to 
2050 (projected). The availability of 
water in India shows wide spatial and 
temporal variations. Also, there are very 
large inter annual variations. Hence, the 
general situation of availability of per 
capita availability is much more 
alarming than what is depicted by the 
average figures. 

Domestic use 

Community water supply is the 
most important requirement and it is 
about 5% of the total water use. About 7 
km3 of surface water and 18 km3 of 
groundwater are being used for 
community water supply in urban and 
rural areas. Along with the increase in 
population, another important change 
from the point of view of water supply is 
higher rate of urbanization. According to 
the projections, the higher is the 
economic growth, the higher would be 
urbanization. 

It is expected that nearly 61% 
of the population will be living in urban 
areas by the year 2050 in high- growth 
scenario as against 48% in low growth 
scenario. Different organizations and 
individuals have given different norms 
for water supply in cities and rural areas. 
The figure adopted by the NCIWRD9 
was 220 litre per capita per day (lpcd) for 
class I cities. For the cities other than 
class I, the norms are 165 for the year 
2025 and 220 lpcd for the year 2050. For 



rural areas, 70 lpcd and 150 lpcd have 
been recommended for the years 2025 
and 2050. Based on these norms and 
projection of population, it is estimated 
that by 2050, water requirements per 
year for domestic use will be 90 km3 for 
low demand scenario and 111 km 3 for 
high demand scenario. It is expected that 
about 70%) of urban water requirement 
and 30%) of rural water requirement will 
be met by surface water sources and the 
remaining from groundwater. 

Irrigation 

The irrigated area in the 
country was only 22.6 million hectare 
(Mha) in 195051. Since the food 
production was much below the 
requirement of the country, due attention 
was paid for expansion of irrigation. The 
ultimate irrigation potential of India has 
been estimated as 140 Mha. Out of this, 
76 Mha would come from surface water 
and 64 Mha from groundwater sources. 
The quantum of water used for irrigation 
by the last century was of the order of 
300 km3 of surface water and 128 km3 
of groundwater, total 428 km3. The 
estimates indicate that by the year 2025, 
the water requirement for irrigation 
would be 561 km 3 for low-demand 
scenario and 611 km3 for high-demand 
scenario. These requirements are likely 
to further increase to 628 km3 for low- 
demand scenario and 807 km3 for high- 
demand scenario by 2050. 

Hydroelectric power 

The hydro power potential of 
India has been estimated at 84,044 MW 
at 60%o load factor. At the time of 
independence, the installed capacity of 
hydro power projects was 508 MW. By 
the end of 1998, the installed hydro 
power capacity was about 22,000 MW. 
The status of hydro power development 
in major basins is highly uneven. 
According to an estimate, India has plans 
to develop 60,000 MW additional hydro 
power by the twelfth five-year plan. It 
includes 14,393 MW during the tenth 
five-year plan (20022007); 20,000 MW 
during eleventh (20072012) and 26,000 
MW during the twelfth (20122017) five- 
year plans. A potential of the order of 
1 0,000 MW is available for development 
of small hydro power projects in the 
Himalayan and sub-Himalayan regions 
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of the country. Therefore, it is not only 
desirable but also a pressing need of time 
to draw a master plan for development of 
small, medium and large hydro-schemes 
for power generation. Industrial water 
requirement Rough estimates indicate 
that the present water use in the 
industrial sector is of the order of 15 
km3. The water use by thermal and 
nuclear power plants with installed 
capacities of 40,000 MW and 1500 MW 
(1990 figures) respectively, is estimated 
to be about 19 km3. In view of shortage 
of water, the industries are expected to 
switch over to water efficient 
technologies. If the present rate of water 
use continues, the water requirement for 
industries in 2050 would be 103 km3; 
this is likely to be nearly 8 1 km3 if water 
saving technologies are adopted on a 
large scale. 

Total water requirements 

Total annual requirement of 
water for various sectors has been 
estimated and its break up is given Table 
6. With the increasing population as well 
as all round development in the country, 
the utilization of water has also been 
increasing at a fast pace. In 1951, the 
actual utilization of surface water was 
about 20% and 10% in the case of 
groundwater. The utilizable water in 
river basins is highly uneven. For 
example in the Brahmaputra basin, 
which contributes 629 billion m3 of 
surface water of the country's total flow, 
only 24 billion m3 is utilizable. Water 
resources management in India In view 
of the existing status of water resources 
and increasing demands of water for 
meeting the requirements of the rapidly 
growing population of the country as 
well as the problems that are likely to 
arise in future, a holistic, well planned 
long-term strategy is needed for 
sustainable water resources 
management in India. The water 
resources management practices may be 
based on increasing the water supply and 
managing the water demand under the 
stressed water availability conditions. 
Data monitoring, processing, storage, 
retrieval and dissemination constitute 
the very important aspects of the water 
resources management. These data may 
be utilized not only for management but 



also for the planning and design of the 
water resources structures. In addition to 
these, now a days decision support 
systems are being developed for 
providing the necessary inputs to the 
decision makers for water resources 
management. Also, knowledge sharing, 
people's participation, mass 
communication and capacity building 
are essential for effective water 
resources management. Some important 
aspects of such strategies are described 
as follows. 

Flood management 

Among all natural disasters, 
floods are the most frequent to be faced 
in India. Floods in the eastern part of 
India, viz. Orissa, West Bengal, Bihar 
and Andhra Pradesh in the recent past, 
are striking examples. According to the 
information published by different 
government agencies, the tangible and 
intangible losses due to floods in India 



Use Year 1997-98 



Surface water 

Irrigation 3 1 8 

Domestic 17 

Industries 21 

Power 7 
Inland navigation 
Environment - Ecology 

Evaporation losses 36 

Total 399 

Groundwater 

Irrigation 206 

Domestic 13 

Industries 9 

Power 2 

Total 230 

Grand total 629 

Total water use 

Irrigation 524 

Domestic 30 

Industries 30 

Power 9 

Inland navigation 0 

Environment - Ecology 0 

Evaporation losses 36 

Total 629 



are increasing at alarming rate. As 
reported by the Central Water 
Commission (CWC) under the Ministry 
of Water Resources, Government of 
India, the annual average area affected 
by floods is 7.563 Mha. This observation 
is based on the data for the period 
19532000 published in IWRS12, 
withvariability ranging from 1.26 Mha 
in 1965 to 1.75 Mha in 1978. On an 
average floods have affected about 33 
million persons during 1953 to 2000. 



There is every possibility that this figure 
may increase due to rapid growth of 
population and increased encroachments 
of the flood plains for habitation, 
cultivation and other activities. The main 
causes of floods in India are inadequate 
capacity within river banks to contain 
high flows, river bank erosion and silting 
of river beds. The additional factors are 
as land slides leading to obstruction of 
flow and change of the river course, 
retardation of flow due to tidal and 
backwater effects, poor natural drainage 
in the flood-prone area, cyclone and 
associated heavy rain storms or cloud 
bursts, snowmelt and glacial outbursts 
and dam break flows. After the 
disastrous floods of 1954 a national 
programme of flood management was 
launched. The Government of India has 
taken a number of steps for flood 
management. As stated by Mohapatra 
and Singhl3, some of the important 
policies on flood management include: 



Year 2050 



% Low High % 



43 375 463 39 

5 48 65 6 

6 57 57 5 
3 50 56 5 
1 15 15 1 
1 20 20 2 
6 76 76 6 

65 641 752 64 



29 253 344 29 

3 42 46 4 

2 24 24 2 

1 13 14 1 

35 332 428 36 

100 973 1180 100 



72 628 807 68 

7 90 111 9 

8 81 81 7 
4 63 70 6 
1 15 15 1 
1 20 20 2 
6 76 76 7 

100 973 1180 100 



policy statement (1954), high level 
committee on flood (1957), policy 
statement (1958), ministerial committee 
on flood control (1964), ministers 
committee on flood and flood relief 
(1972); working groups on flood control 
for five-year plans; Rashtriya Barh 
Ayogl4, National Water Policy (1987), 
National Commission for Integrated 
Water Resource Development (1996), 
Regional Task Force (1996), and 
National Water Policy 1 . The committees 



Table 6. Annual water requirement for different uses 9 (in km 3 ) 
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and commissions constituted by the 
government have given valuable 
recommendations on different issues of 
flood management. Various types of 
structural and non- structural measures 
have been taken up to reduce the 
damages in the flood plains. The 
structural measures, such as the 
construction of embankments, levees, 
spurs, etc. have been implemented in 
some of the states. The total length of 
constructed embankments is 16,800 km 
and drainage channels are of 32,500 km. 
A total of 1040 towns and 4760 villages 
are currently protected against flood. 
Barring occasional breaches in 
embankments, these have provided 
reasonable protection to an area of about 
15.07 Mha. A large number of reservoirs 
have been constructed and these 
reservoirs have resulted in reduction of 
intensity of floods. The non- structural 
measures such as flood forecasting and 
warning are also being adopted. The 
flood forecasting and flood warning in 
India commenced in 1958, for the 
Yamuna river in Delhi. It has evolved to 
cover most of the flood-prone interstate 
river basins in India. The CWC has 
established a flood forecasting system 
covering 62 major rivers with more than 
157 stations for issuing flood forecasts 
covering almost all the flood-prone 
states. The response of state 
governments towards enactment of 
flood plain zoning bill is not 
encouraging. Though some of the states 
(e.g. Raj as than and Manipur) have 
enacted the flood plain zoning 
legislation, the major flood- affected 
states (e.g. Assam, Himachal, Goa and 
Sikkim) have not considered such 
legislation. A working group of National 
Natural Resources Management 
System 15 standing committee on water 
resources for flood risk zoning of major 
flood-prone rivers considering remote 
sensing input was constituted by the 
Ministry of Water Resources in 1999. 
The working group recommended flood 
risk zoning using satellite-based remote 
sensing with a view to giving thrust 
towards implementation of flood plain 
zoning measuresl5. The flood 
management measures have to be more 
focused and targeted towards the 
decided objectives within a stipulated 
time frame. For flood plain zoning, 



methods have to be evolved in 
consultation with the local bodies so that 
the legislation on flood plain zoning is 
adopted. As suggested by the Working 
Group of tenth five-year plan that the 
possible apprehensions of difficulties in 
drafting a legislation should not become 
a bar to the idea of the approach of flood 
plain zoning itself. Flood forecasting 
constitutes one of the most important 
actions of flood disaster preparedness. 
Technical advancement in a well 
planned flood forecasting and warning 
system can help in providing higher lead 
time for timely action. It is well 
recognized that long-term solution of 
flood problems lies in creating 
appropriate flood storage in reservoirs. 
The total live storage capacity of 



completed projects in India is about 174 
km3. A large flood storage space in 
reservoirs is required for a successful 
flood management programme. Flood 
management also calls for community 
participation. Farmers, professional 
bodies, industries and voluntary 
organizations have to be aware about 
flood management. People's 
participation in preparedness, flood 
fighting and disaster response is 
required. Media like radio, TV, 
newspapers can also play an important 
role in flood management. As India 
shares river systems with six 



neighbouring countries, viz. Nepal, 
China, Bhutan, Pakistan, Bangladesh 
and Myanmar, bilateral cooperation for 
flood management is necessary for India 
and the concerned country. The 
government of India has taken some 
initiatives in this regard however, more 
active participation is required. 

Groundwater management 

To protect the aquifers from 
overexploitation, an effective 
groundwater management policy 
oriented towards promotion of 
efficiency, equity and sustainability is 
required. Agricultural holdings in India 
are highly fragmented and the rural 
population density is large. The 
exploitation of groundwater resources 



should be regulated so as not to exceed 
the recharging possibilities, as well as to 
ensure social equity. The detrimental 
environmental consequences of over- 
exploitation of groundwater need to be 
effectively prevented by the Central and 
State Governments. Overexploitation of 
groundwater should be avoided, 
especially near the coasts to prevent 
ingress of seawater into freshwater 
aquifers 1. Clearly, a joint management 
approach combining government 
administration with active people 
participation is a promising solution 16. 
In critically overexploited areas, bore- 
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well drilling should be regulated till the 
water table attains the desired elevation. 
Artificial recharge measures need to be 
urgently implemented in these areas. 
Amongst the various recharge 
techniques 17, percolation tanks are least 
expensive in terms of initial construction 
costs. Many such tanks already exist but 
a vast majority of these structures have 
silted up. In such cases, cleaning of the 
bed of the tank will make them reusable. 
Promotion of participatory action in 
rehabilitating tanks for recharging 
would go a long way in augmenting 
groundwater supply. Due to declining 
water table, the cost of extraction of 
groundwater has been increasing over 
time and wells often go dry. This poses 
serious financial burden on farmers. 
Hence, special programmes need to be 
designed to support these farmers. 
Finally, the role of government will have 
to switch from that of a controller of 
groundwater development to that of a 
facilitator of equitable and sustainable 
development. Shah 18 mentions that 
three large-scale responses to 
groundwater depletion in India have 
emerged in recent years in an 
uncoordinated manner, and each 
presents an element of what might be its 
coherent strategy of resources 
governance as follows: 

Energyirrigation nexus: 

Throughout South Asia, the 
'groundwater boom' was fired during the 
1970s and 90s by government support to 
tubewells and subsidies to electricity 
supplied by state-owned electricity 
utilities to farmers. The invidious 
energyirrigation nexus that emerged as a 
result and wrecked the electricity 
utilities and encouraged waste of 
groundwater are widely criticized. 
However, hidden in this nexus is a 
unique opportunity for groundwater 
managers to influence the working of the 
colossal anarchy that is India's 
groundwater socio-ecology. Even while 
subsidizing electricity, many state 
governments have begun restricting 
power supply to agriculture to cut their 
losses. The International Water 
Management Institute Research has 
shown that with intelligent management 
of power supply to agriculture, 



energyirrigation nexus can be a powerful 
tool for groundwater demand 
management in livelihood supporting 
socio-ecologies to create tradable 
poverty rights in groundwater. Mexico 
finally had to turn to electricity supply 
management to enforce its groundwater. 

Inter-basin transfers to recharge 
unconfined alluvial aquifers 

In western India's unconfined 
alluvial aquifers, it is being increasingly 
realized that groundwater depletion can 
be countered only by importing surface 
water, Arizonastyle. The Jiangsu 
province in eastern China has 
implemented its own little inter-basin 
water transfer from Yangzee to counter 
groundwater depletion in the Northern 
part. Similarly, one of the major uses 
Gujarat has found for water of the Sardar 
Sarovar Project on Narmada river is to 
recharge the depleted aquifers of North 
Gujarat and Kachchh. A key 
consideration behind India's proposed 
mega- scheme to link its northern rivers 
with peninsular rivers too is to counter 
groundwater depletion in western and 
southern India. 

Mass-based recharge movement: 

In many parts of hardrock 
India, groundwater depletion has 
invoked wildfire community-based 
mass movement for rainwater 
harvesting and recharge, which 
interestingly has failed to take off in 
unconfined alluvial aquifers. It is 
difficult to assess the social value of this 
movement partly because 'formal 
hydrology' and 'popular hydrology' have 
failed to find a meeting ground. 
Scientists want check dams sited near 
recharge zones; villagers want them 
close to their wells. Scientists 
recommend recharge tubewells to 
counter the silt layer impeding recharge; 
farmers just direct floodwaters into their 
wells after filtering. Scientists worry 
about up streamdo wnstream 
externalities; farmers say everyone lives 
downstream. Scientists say the hard- 
rock aquifers have too little storage to 
justify the prolific growth in recharge 
structures; people say a recharge 
structure is worthwhile if their wells 
provide even 1000 m3 of lifesaving 



irrigation/ha in times of delayed rain. 
Hydrologists keep writing the obituary 
of the recharge movement; but the 
movement has spread from eastern 
Rajasthan to Gujarat, thence to Madhya 
Pradesh and Andhra Pradesh. 
Protagonists think that with better 
planning of recharge structures and 
larger coverage, decentralized recharge 
movement can be a major response to 
India's groundwater depletion because it 
can ensure that water tables in pockets of 
intensive use rebound close to pre- 
development levels at the end of the 
monsoon season every year they have a 
good monsoon, which is at least twice in 
five years. They surmise that this is not 
impossible because even today, India's 
total groundwater extraction is barely 
5% of its annual precipitation. Shah 18 
mentions the following workable 
solutions for management of 
groundwater resources : 

• Banning private wells is futile; 
crowd them out by improving 
public water supply. 

• Regulating final users is 
impossible; facilitate mediating 
agencies to emerge, and regulate 
them. 

• Pricing agricultural groundwater 
use is infeasible; instead, 

use energy pricing and supply to 
manage agricultural groundwater 
draft. 

• No alternative to improved 
supply side management: better 
rain-water capture and recharge, 
imported surface water in lieu of 
groundwater pumping. 

• Grow the economy, take pressure 
off land, and formalize the water 
sector. 

Conjunctive use of surface and 
groundwater 

Large canal infrastructure 
network for providing irrigation has 
been the prime goal of the Government 
of India, since the first five-year plan, 
which continued up to seventh five-year 
plan. In some of the irrigation project 
commands such as Sarda Sahayak in UP, 
Gandak in Bihar, Chambal in Rajasthan, 
Nagarjuna Sagar in Andhra Pradesh, 
Ghataprabha and Malaprabha in 
Karnataka etc., problems of water 
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logging are being faced. The main 
reason for excessive use of surface water 
as compared to groundwater is its much 
lower price for irrigation as compared to 
the cost incurred in using groundwater. 
Water logging problems could be 
overcome if conjunctive use of surface 
and groundwater is made. Groundwater 
utilization for irrigation in waterlogged 
areas can help to lower the groundwater 
table and reclaim the affected soil. Over 
exploitation of groundwater in areas like 
Mehsana, in Gujarat; parts of Meeurt 
and Varanasi districts in Uttar Pradesh, 
Coimbatore in Tamil Nadu and Karnal 
district in Haryana etc. have resulted in 
mining of groundwater20. Many 
research workers have focused the 
causes of waterlogging21. Several 
groundwater flow modelling studies 
have focused on assessing the 
waterlogged areas and measures to 
control problems of waterlogging and 
salinization22,23. It is desirable that the 
irrigation needs for fulfilling crop water 
requirements should be satisfied by 
judicious utilization of available canal 
water in conjunction with groundwater 
so as to keep the water table within the 
acceptable range. Thus, the optimal 
conjunctive use of the region's surface 
and groundwater resources would help 
in minimizing the problems of water 
logging and groundwater mining. 

Water conservation 

Water conservation implies 
improving the availability of water 
through augmentation by means of 
storage of water in surface reservoirs, 
tanks, soil and groundwater zone. It 
emphasizes the need to modify the space 
and time availability of water to meet the 
demands. This concept also highlights 
the need for judicious use of water. There 
is a great potential for better 
conservation and management of water 
resources in its various uses. On the 
demand side, a variety of economic, 
administrative and community-based 
measures can help conserve water. Also, 
it is necessary to control the growth of 
population since large population is 
putting massive stress on all natural 
resources. Since agriculture accounts for 
about 69% of all water withdrawn, the 
greatest potential for conservation lies in 



increasing irrigation efficiencies. Just a 
10% improvement in irrigation 
efficiency could conserve enough water 
to double the amount available for 
drinking. In India, sprinkler irrigation is 
being adopted in Haryana, Rajasthan, 
Uttar Pradesh, Karnataka, Gujarat and 
Maharashtra. The use of sprinkler 
irrigation saves about 56% of water for 
the winter crops of bajra and jowar, 
while for cotton, the saving is about 30% 
as compared to the traditional gravity 
irrigation. An important supplement to 
conservation is to minimize the wastage 
of water. In urban water supply, for 
example, almost 30% of the water is 
wasted due to leakages, carelessness, 
etc. while most metro cities face deficit 
in supply of water. It is, therefore, 
imperative to prevent wastage. In 
industries also, there is a scope 
foreconomy in the use of water. Prices of 
water for all uses should be fixed, 
keeping in mind its economic value, 
control of wastage, and the ability of 
users to pay. As water is becoming 
scarcer, pricing will be an important 
factor in avoiding wastage and ensuring 
optimal use. 

Watershed management 

For an equitable and 
sustainable management of shared water 
resources, flexible, holistic approach of 
Integrated Water Resources 
Management (IWRM) is required, 
which can cater to hydrological 
variations in time and space and changes 
in socio-economic needs along with 
societal values. Watershed is the unit of 
management in IWRM, where surface 
water and groundwater are inextricably 
linked and related to land use and 
management. Watershed management 
aims to establish a workable and 
efficient framework for the integrated 
use, regulation and development of land 
and water resources in a watershed for 
socio-economic growth. Local 
communities play a central role in the 
planning, implementation and funding 
of activities within participatory 
watershed development programmes. In 
these initiatives, people use their 
traditional knowledge, available 
resources, imagination and creativity to 
develop watershed and implement 



community-centered programme. 
Currently, many programmes, 
campaigns and projects are underway in 
different parts of India to spread mass 
awareness and mobilize the general 
population in managing water resources. 

Some of these are being 
implemented by the Central/State 
Governments, while others have been 
taken up by various Non- Governmental 
Organizations (NGOs). For example, 
Hariyali (meaning 'greenery') is a 
watershed management project, 
launched by the Central Government, 
which aims at enabling the rural 
population to conserve water for 
drinking, irrigation, fisheries and 
afforestation as well as generate 
employment opportunities. The project 
is being executed by the Gram 
Panchayats (village governing bodies) 
with people's participation; the technical 
support is provided by the block (sub- 
district) administration. Another good 
example of water conservation efforts is 
the 'Neeru-Meeru' (Water and You) 
programme launched in May 2000 by 
the Government of Andhra Pradesh. 
During the last three years, an additional 
storage space of more than 18,000 lakh 
m3 has been created by constructing 
various water-harvesting structures such 
as percolation tanks, dugout ponds, 
check dams, etc. through peoples' 
participation. 

Tarun Bharat Sangh (Young 
India Association) or TBS is an NGO 
which promotes sustainable water 
management through rainwater 
harvesting in Rajasthan. Since 1986, 
TBS has helped in building or restoring 
nearly 10,000 water harvesting 
structures in Alwar and neighbouring 
districts in the Aravalli hills of 
northeastern Rajasthan. The central 
message of TBS is that good water 
management requires good land 
management. Emphasis is also put on 
protecting forests. The efforts of 
villagers are visible in the form of rising 
water table and regenerated forests on 
the rocky slopes of Aravalli hills. 
Despite some of the above success 
stories, so far there is no appreciable 
improvement on watershed resources 
utilization at national level. 
Undoubtedly, coordinated watershed 
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development programmes need to be 
encouraged and awareness about 
benefits of these programmes must be 
created among the people. Rainwater 
harvesting Rainwater harvesting is the 
process to capture and store rainfall for 
its efficient utilization and conservation 
to control its runoff, evaporation and 
seepage. Some of the benefits of 
rainwater harvesting are: 

• It increases water availability 

• It checks the declining water table 

• It is environmentally friendly 

• It improves the quality of 
groundwater through dilution, 
mainly of fluoride, nitrate, and 
salinity, and 

• It prevents soil erosion and 
flooding, especially in the urban areas. 

Even in ancient days, people 
were familiar with the methods of 
conservation of rainwater and had 
practised them with success. Different 
methods of rainwater harvesting were 
developed to suit the geographical and 
meteorological conditions of the region 
in various parts of the country. 
Traditional rainwater harvesting, which 
is still prevalent in rural areas, is done by 
using surface storage bodies like lakes, 
ponds, irrigation tanks, temple tanks, 
etc. For example, Kul (diversion 
channels) irrigation system which 
carries water from glaciers to villages is 
practised in the Spiti area of Himachal 
Pradesh. In the arid regions of Rajasthan, 
rainwater harvesting structures locally 
known as Kund (a covered underground 
tank), are constructed near the house or a 
village to tackle drinking water problem. 

In Meghalaya, Bamboo 
Rainwater Harvesting for tapping of 
stream and spring water through bamboo 
pipes to irrigate plantations is widely 
prevalent. The system is so perfected 
that about 1 820 litres of water entering 
the bamboo pipe system per minute is 
transported over several hundred meters. 
There is a need to recharge aquifers and 
conserve rainwater through water 
harvesting structures. In urban areas, 
rainwater will have to be harvested using 
rooftops and open spaces. Harvesting 
rainwater not only reduces the 
possibility of flooding, but also 
decreases the community's dependence 
on groundwater for domestic uses. Apart 



from bridging the demand supply gap, 
recharging improves the quality of 
groundwater, raises the water table in 
wells/bore-wells and prevents flooding 
and choking of drains. One can also save 
energy to pump groundwater as water 
table rises. These days rainwater 
harvesting is being taken up on amassive 
scale in many states in India. Substantial 
benefits of rainwater harvesting exist in 
urban areas as water demand has already 
outstripped supply in most of the cities. 

Water quality conservation 
and environment restoration 

Implementation of water 
pollution prevention strategies and 
restoration of ecological systems are 
integral components of all development 
plans. To preserve our water and 
environment, we need to make 
systematic changes in the way we grow 
our food, manufacture the goods, and 
dispose off the waste24. In India, 
agriculture is the biggest user and 
polluter of water. If pollution by 
agriculture is reduced, it would improve 
water quality and would also eliminate 
cost incurred for treatment of diseases. 
Like all other inputs, there is an optimal 
quantity of fertilizer for given conditions 
and excess application does not improve 
the crop yield. Pricing of fertilizers and 
pesticides as well as appropriate 
legislation to regulate their use will also 
go a long way in stopping indiscriminate 
use. Industries need to carefully treat 
their waste discharges. Manufacturers 
may reduce water pollution by reusing 
materials and chemicals and switching 
over to less toxic alternatives. Industrial 
symbiosis, in which the unusable wastes 
from one product/firm become the input 
for another, is an attractive solution. 
Also, there is a need to encourage 
reductions or replacement of toxic 
chemicals, possibly through fiscal 
measures. Pollution taxes in the 
Netherlands, for example, have helped 
the country slash discharges of heavy 
metals such as mercury and arsenic into 
waterways by up to 99% between 1976 
and the mid- 1990s. 

Many countries discourage use 
of equipment, such as thermometers that 
contain mercury. Such measures in India 
would also be helpful. For this purpose, 



society and individuals should have a 
greater knowledge and ability to bring 
about the required changes. Widely and 
readily available technical help about 
'how to do this' will accelerate the 
process. Environmental improvement 
and restoration should be planned and 
implemented such that the freshwater 
resources are protected and their quality 
is maintained and/or enhanced. A broad 
perspective is needed that unites social, 
economic and environmental concerns 
in a landscape where upland forests and 
rangeland, wetlands, agricultural and 
urban areas are integrated. An 
understanding of watershed linkages 
allows long-term and sustainable 
solutions to a variety of natural resource 
problems. Model efforts in this direction 
include the capture, storage and safe 
release of water and the prevention of 
accelerated soil erosion through the 
structures and vegetation. While 
utilizing water and land resources, their 
ability to serve other uses is often 
degraded either inadvertently or due to 
carelessness. Efforts should be made to 
restore landscapes and ecosystems to 
more efficiently protect water quality, 
aquatic and wildlife. On the legislative 
front, laws are required to check littering 
as well as to implement 'polluter pays' 
principle. More importantly, these laws 
should be strictly enforced. 

Recycle and reuse of water 

Another way through which we 
can improve freshwater availability is by 
recycle and reuse of water. It is said that 
in the city of Frankfurt, Germany, every 
drop of water is recycled eight times. 
Use of water of lesser quality, such as 
reclaimed wastewater, for cooling and 
fire fighting is an attractive option for 
large and complex industries to reduce 
their water costs, increase production 
and decrease the consumption of energy. 
This conserves better quality waters for 
potable uses. Currently, recycling of 
water is not practised on a large scale in 
India and there is considerable scope and 
incentive to use this alternative. 
Estimates25 show that recyclable water 
is between 1 03 and 1 77 km3/year for low 
and high population proj ections . g 

*(Author's are Associated with NT Roorkee, U.P.) 
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Water in Rajasthan 




M. S. Rathore 

Rajasthan's 
economic 
growth is 
largely 
dependent on 
water, more 
specifically on 
groundwater. 
71% of the 
irrigation and 
90% of the drinking water supply 
source is groundwater (Rathore 2003). 
Presently, there is tremendous pressure 
to exploit groundwater by State and 
private users, i.e. by those who have 
access and control over this limited 
resource. The resulting consequences 
are also well known - in 2001, out of 
236 groundwater zones, only 20.8% 
were categorized as safe. The rest 
reached the stage of being categorized 
as semi-critical (8.9%), critical (33.9%) 
and over-exploited (36.4%). The 
causes of groundwater depletion and 
pollution are rooted in population 
growth, economic expansion, decline 
in groundwater recharge and over- 
abstraction caused by the rapid 
increase in the number of wells and 
tubewells and the progress in pumping 
technology. 

In response to this grave 
groundwater situation, numerous 
efforts were initiated by the State 
government, NGO's and civil society, 
such as the construction of dams, 
tanks and traditional water harnessing 
systems, and, the most important 
initiative: the watershed management 
program. What is lacking is any 
scientific evaluation of these 
interventions in terms of their impact 
on groundwater augmentation. In this 
study, an attempt has been made to 
review the status of groundwater in 
Rajasthan and document the results of 
groundwater augmentation studies in 



the State. 

In the first part of this study, 
the historical background of 
groundwater in the State is discussed 
followed by a description of the 
geology, geohydrology, rainfall and 
other relevant factors affecting 
groundwater that are helpful in 
understanding the present situation. 
The next section presents a review of 
studies documenting the impacts of 
groundwater augmentation efforts in 
the State. Finally, some 
recommendations are given for future 
activities to improve the groundwater 



movement of groundwater. Over the 
years, the study of groundwater has 
focused singularly on understanding 
the occurrence and movement of 
water is these environments in order to 
develop and manage the resource. 
Besides understanding the 
hydrogeological framework in which 
groundwater occurs and assessing its 
utilizable component, an equally 
important concern is assessing its 
quality. If groundwater is to play a lead 
role in development, then it will have 
to be protected from increasing threats 
of depletion and contamination. The 




situation in the State. 

Historical Background 

The surface water resources 
of Rajasthan are meager and the entire 
state is principally dependent on 
groundwater for its water needs. The 
hydrogeologic environment controls 
the occurrence, distribution and 



growth of population, industry and 
agriculture coupled with increasing 
urban development has, for the first 
time in history, resulted in over- 
abstraction of groundwater and 
production of enormous quantities of 
waste. The management of 
groundwater is a complex job that 
must be efficiently handled, given the 
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concerns of the economic impacts of 
groundwater development and 
allocation amongst competing users. 
Groundwater management should be 
done in a systematic manner rather 
than the focus on individual pump 
capacity that has been the trend in the 
past. 

Rajasthan is a landlocked 
state of 342,239 km 2 situated between 
latitudes 23T to 30°12^ N and 
longitudes 69° 3(T to 78° IT E. It 
experiences varied climatic conditions 
ranging from extreme aridity in the 
northwestern parts (Jaisalmer) to sub- 
humid conditions in the southeastern 
parts (Jhalawar and Banswara) and 
humid conditions in the isolated 
Mount Abu region. However, most of 
the state (94.0%) falls under arid and 
semi-arid conditions with low and 
erratic rainfall patterns. 
Physiographically, western Rajasthan 
is covered in sand and dunes while the 
eastern, southern and southeastern 
parts are rocky and hilly with very few 
alluvial plains. Surface water sources 
are meager and the entire state has 
always been principally dependent on 
groundwater for its water needs. 

During British India, almost 
the entire state of Rajasthan belonged 
to a large number of autonomous or 
semi-autonomous princes. 
Consequently, comprehensive efforts 
to cope with the urgent need for water 
were impossible, despite the rapid 
progress in groundwater exploration 
and exploitation. Efforts to exploit 
groundwater were made by 
individuals who dug deep wells by 
hand in rocky and alluvial/sandy 
areas to obtain small quantities of 
water. Throughout Rajasthan, 
especially in the western districts, dug 
wells and open wells were few and 
sparse, and most yielded very small 
quantities of water. Water was 
encountered at depths up to of 122 m 
belowground with saturation depths 
of not more than one to one-and-a- 
half meters. The wells were dug by 
hand and the groundwater finally 
obtained was saline. Rural inhabitants 
had to travel long distances to fetch 
drinking water. The drinking water 



situation in eastern Rajasthan was 
different because of hilly terrain and 
higher rainfall, which made collecting 
water easier, but even there wells 
yielded quantities too low to meet 
agricultural requirements. 

After the advent of railways, 
in a few places water was supplied by 
train tanker, especially in desert areas. 
The first scientific exploration of 
groundwater in Rajasthan occurred in 
1921 by G.H. Tipper who investigated 
the water supply for the Jodhpur- 
Bikaner Railways (Taylor etal 1 955). 
After independence in 1942, the 
Government of India and the State 
Government of Rajasthan undertook 
groundwater exploration, exploitation 
and management programs through 
various central and state agencies. 
These were the: 

i Geological Survey of India 

ii Exploratory Tubewells 
Organization 

iii Central Ground Water Board 

iv Central Arid Zone Research 
Institute, Indian Council of 
Agriculture Research 

v Ground Water Department, 
Government of Rajasthan 

vi Public Health Engineering 
Department, Government of 
Rajasthan 

vii Sanitation, Water and 
Community Health Project 

viii Rajasthan Jal Vikas Nigam Ltd. 

ix Other NGOs and private 
individuals. 

Various development 
programs were supported with 
funding made available by financial 
institutions for drilling and 
mechanizing wells and with 
professional assistance for locating the 
best sites for them. The number of 
open wells and tubewells increased 
dramatically from 1957/58 to 
1999/2000 (see Table 1). The density 
of wells increased from 1 ,489 wells per 
1,000 km 2 in 195/57 to 3,944 in 



1999/2000. 

The first groundwater 
potential estimates were made during 
1983/84 and were repeated in 1987, 
1990, 1992, 1996, 1998 and 2001. 
Despite an increase in the area of 
groundwater potential due to more 
exploratory studies, there has been a 
total decline of 39.89% in the 
groundwater potential. As a result, 
'safe' water zones, i.e. those safe for 
exploitation, declined from 86% in 
1984 to 20.7% in 2001, and in 2001, 
70.3% of all groundwater potential 
zones were classified as 'dark' and 
'gray' (Tables 2 and 3). 

Categorization of areas for 
groundwater development 

Groundwater development 
can be categorized based on the stage 
of development and the long-term 
trend of pre- and post-monsoon 
groundwater levels. The following 
categorization is adopted by the 
Ground Water Department in 
Rajasthan. 

Safe areas with potential for 
development 

(a) Areas where groundwater 
resource assessments show the 
stage of groundwater 
development to be 70% or lower 
and where there is no significant 
long-term decline of pre- or 
post-monsoon groundwater 
levels. 

(b) Areas where groundwater 
resource assessments show the 
stage of groundwater 
development to be more than 
70% but less than 90% and 
where both pre- and post- 
monsoon groundwater levels do 
not show a significant long-term 
decline. However, in these areas, 
caution should be exercised in 
plans for future development 
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with regard to quantities of 
additional groundwater 
withdrawn. 

Semi-critical areas for cautious 
groundwater development 

Areas where groundwater 
resource assessments show the stage of 
groundwater development to be more 
than 70% but less than 90% and where 
either pre- or post-monsoon 
groundwater levels show a significant 
long-term decline. 



Critical areas 

(a) Areas where groundwater 
resource assessments show the 
stage of groundwater 
development to be more than 
90% but less than 100% and 
where either pre- or post- 
monsoon groundwater levels 
show a significant long-term 
decline. 

(b) Areas where groundwater stage 
of groundwater development to 
resource assessments show the 



be less than 100%, but where 
both pre- and post-monsoon 
groundwater levels show a 
significant long-term decline, 
(c) Areas where groundwater 
resource assessments show the 
stage of groundwater 
development to be more than 
100%, but where either pre- or 
post-monsoon groundwater 
levels do not show a significant 
long-term decline. 

Over-exploited areas 

Areas where groundwater resource 



Table 1 District-wise density of wells/1,000 km 2 in Rajasthan, 1956-2000 



Districts 


Density of wells (all types) /1,000 km2 


1956-57 


1961-62 


1971-72 


1981-82 


1999-2000 


1999-2000 
(tubewells 
only) 


WESTERN REGION 


Banner 


64 


137 


154 


300 


653 


25 


Jaisalmer 


1 


9 


12 


54 


12 


1 


Bikaner 


19 


28 


43 




45 


27 


S. Ganganager 


2 




2 


66 


0 


566 


Churu 


2 


5 


18 


125 


345 


48 


Nagaur 


427 


440 


508 


883 


2,602 


267 


Jodhpur 


188 


259 


300 


432 


850 


475 


Pali 


1,964 


2,129 


2,092 


2,620 


4,007 


98 


Jalore 


768 


994 


1,106 


2,272 


5,281 


76 


Hanumangarh 










55 


1,310 


NORTHEASTERN REGION 


Sikar 


2,145 


1,771 


1,919 


2,984 


6,936 


21 


Jhunjhunu 


765 


838 


940 


2,602 


6,957 


0 


Alwar 


2,360 


2,363 


3,566 


5,590 


9,299 


3,170 


Jaipur 


5,051 


5,113 


5,800 


7,047 


11,928 


48 


Ajmer 


3,366 


4,919 


5,363 


5,903 


8,860 


45 


Tonk 


2,954 


3,275 


3,638 


4,786 


7,042 


35 


S. Madhopur 


2,598 


2,324 


2,918 


3,859 


6,396 


282 


Bharatpur 


3,414 


2,326 


3,359 


1,301 


4,374 


6,352 


Dholpur 










5,480 


2,430 


Dausa 










13,075 


1,366 


Karauli 










6,116 


1,013 


SOURTHEN REGION 


Bhilwara 


6,495 


6,845 


7,539 


7,820 


11,862 


46 


Chittorgarh 


4,028 


4,365 


5,317 


6,322 


9,729 


639 


Udaipur 


3,858 


4,090 


4,545 


4,921 


5,315 


39 


Sirohi 


1,443 


1,557 


1,723 


2,221 


3,645 


0 


Banswara 


821 


772 


1,456 


2,026 


4,331 


22 


Dungarpur 


738 


938 


2,051 


2,429 


7,712 


50 


Bundi 


2,480 


2,428 


2,346 


2,960 


4,538 


407 


Kota 


1,503 


1,376 


1,690 


2,717 


3,530 


729 


Jhalawar 


3,400 


3,737 


4,732 


6,625 


11,435 


148 


Rajsamand 










12,903 


65 


Baran 










4,890 


605 


Rajasthan total 


1,489 


1,558 


1,722 


1,822 


3,944 


395 



Source: State and Central Ground Water Board reports for various years, Government of Rajasthan and 
Government of India, Jaipur; Chatterji, P. C. (1993), 'Status of Ground Water in Rajasthan - Retrospect and 
Prospect', Institute of Development Studies, Volume III, pp. 500. 
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Table 2 Groundwater resource estimation in Rajasthan (mem) 



Item 


Year 


1984 


1990 


1995 


1998 


2001 


Gross groundwater recharge 


16,224 


12,708 


13,157 


12,602 


11,159 


Net groundwater draft: 

(1) Irrigation 

(2) Domestic & Industrial 


4,929.7 
2,109* 


5,423 
1,994* 


9,085 
696 


11,036 
983 


10,454 
1,181 


Gross draft (1) + (2) 


7,039 


7,417 


9,916 


12,019 


11,635 


Groundwater balance 


8,799 


5,239 


4,535 


3,894 


-476 


Stage of groundwater 


36 


54 


59 


69 


104 


development (%) 



Source: Gr ound Water Department and Central Ground Water Department, Report of the Group on the 
Estimation of Ground Water Resources of Rajasthan (as on 1/1/2001), April 2002. 
* Draft for drinking and industrial use is around 15% of gross water resources. 

Table 3 Status of groundwater in Rajasthan 



Year 


Block 
(area unit) 


Number of zones (figures in brackets are %) 


Safe 
(White) 


Semi-critical 
(Semi Gray) 


Critical 
(Gray) 


Over-exploited 
(Dark) 


1984 


236 


203 
(86.0) 


10 

(4.2) 


11 

(4.7) 


12 
(5.1) 


1988 


226 


122 
(54.0) 


42 
(18.6) 


18 
(8.0) 


44 
(19.5) 


1990 


236 


148 
(62.7) 


31 
(13.1) 


13 
(5.5) 


44 
(18.6) 


1992 


236 


149 
(63.1) 


19 
(8.1) 


15 
(6.4) 


53 
(22.5) 


1995 


236 


127 
(53.8) 


35 
(14.8) 


14 

(5.9) 


60 
(25.4) 


1998 


233 


135 
(57.9) 


34 
(14.6) 


23 

(9.9) 


41 
(17.6) 


2001 


236 


49 
(20.8) 


21 

(8.9) 


80 
(33.9) 


86 
(36.4) 



Source: Gr ound Water Department and Central Ground Water Department, Report of the Group on the 
Estimation of Ground Water Resources of Rajasthan (as on 1/1/2001), April 2002 



assessments show the stage of 
groundwater development to be 
greater than 1 00% and where both pre- 
and post-monsoon groundwater levels 
show a significant long-term decline. 
Stage of groundwater development 
The stage of groundwater 
development, indicated as a 
percentage, is defined by: 

Existing gross groundwater draft x 100 
Net annual groundwater availability 

Geohydrology of Rajasthan 

Rajasthan lies over some of 
the oldest rock formations in India. 
The State has aheterogeneous 
assemblage of geological formations 



ranging from the oldest Archean to 
recent alluvium and blown sand 
(Heron 1936, 1953; Sharma 1992). All 
of the lithological units have some 
groundwater potential; however, the 
water potential of these formations 
depends on their hydrogeological 
characteristics and structural control. 
The groundwater potential areas in 
Rajasthan are not widespread and 
homogenous, but found as isolated 
basins with unique hydrological 
parameters. Also, the quality of the 
groundwater depends entirely on the 
sitespecific physical properties of the 
formation, the extent and nature of 



weathering, and other specifics. There 
is considerable knowledge of the 
regional geological formations and 
megastructures, and of the extent of 
weathering. However, the information 
generated is inadequate to correlate 
with the groundwater potential of any 
specific area. 

Geomorphological Characteristics 

According to Singh et at 
(1990), the geomorphological 
characteristics of Rajasthan can 
bebroadly divided into four major 
geomorphic regions. These are, from 
west to east, 

(1) the Rajasthan desert, 
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(2) the Aravalli Mountains, 

(3) the east Rajasthan plains and 

(4) the southeastern plateau. 
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Figure 1 Groundwater Provinces in Rajasthan 



information and precise hydrogeological characteristics such as 

Table 4 Revised groundwater potential zone 



Hydrogeological Conditions 

Hydrogeological characteristics of the various 
lithological formations, such as depth of groundwater, 
yield, etc., are of vital importance in studying the 
groundwater potential in any area. The State Ground 
Water Department (SGWD), in 1977/78, identified 28 
types of aquifer and grouped them into 13 hydro- 
geological zones. Subsequently, better data and 
information on hydrological properties of various 
aquifers and their extent were generated and these 
groups were reclassified (Chatterji 1993). Based on 
detailed information of these 13 aquifer types, the 
SGWD divided the State into seven provenances, each 
with similar groundwater characteristics, including 
water quality (Figure 1). These provenances are: hard 
crystalline rock, consolidated sedimentary rock, semi- 
consolidated cavernous rock, semi-consolidated 
sedimentary rock, basaltic, unconsolidated to poorly 
consolidated sedimentary rock and alluvial. However, 
despite good data, water yield data is based on water 
lifting devices installed in the wells. There is a gap in 
optimum yield, drawdown, recovery rate, porosity, 



Formations 


Number of 


Notation 


Zone | Sub-zones | Sub-sub-zones | Total 


GROUP I - UNCONSOLIDATED 


Younger alluvium 


32 


16 


2 


50 


A 


Older alluvium 


71 


48 


20 


139 


Ao 


GROUP II - TERTIARY FORMATIONS 


Tertiary sandstone and gravel 










T 


Tertiary formations (mixed aquifer) 


3 


13 




16 


T 


GROUP III - CONSOLIDATED SEDIMENTARY FO RMATIONS 


Parewar formations 




2 




2 


P 


Bhadesar formations 




3 




3 


Bh 


Lathi formations 


1 


8 




9 


L 


Sandstone (M.SG/Vindhyan's) 


35 


8 


27 


70 


SS 


Shale (M.SG/Vindhyan's) 


9 


8 




17 


Sh 


Limestone (M.SG/Vindhyan's 
/Aravallis/Delhi etc.) 


17 


8 


16 


41 


LS 


Slate (M.SG/Vindhyan's/ Aravallis 
etc.) 


2 






2 


SL 


GROUP IV - CRYSTALLINES - IGNEOUS FORMATIONS 


Basalt 


14 






14 


B 


Rhyolite (Malani) 


5 






5 


R 


Granite (Malani/ post-Delhi/ Aravallis) 


14 


20 




34 


Gr 


Ultra basic (Dalorite/Diorite) 


1 






1 


Ub 


GROUP V- METAMORPHICS 


Quartzite (Delhi/ Aravalli) 


24 


2 




26 


Q 


Schist/Phyllites (Calc/Mica/Biotite) 


72 


16 




88 


Sc/Ph 


Gneisses/B/G.C. 


46 


20 




66 


Gn. 
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permeability and transmissivity have 
not been adequately determined. 
Systematic hydrological investigations 
in the State of Rajasthan were initiated 
in 1965 and completed in 1972. From 
preliminary investigations, regional 
maps depicting the hydrogeology, 
depth to water, chemical quality of the 
groundwater and groundwater 
potential zones (phreatic) were 
prepared. These maps divided the State 
into 90 basins. Semi-detailed 
hydrogeological surveys to estimate the 
dynamics of groundwater resources 
and approximately quantify the 
groundwater potential of the State 
were initiated in 1972 on a block basis. 
These were short-term, one-year 
studies, completed in 1976. The 
findings of these surveys proved helpful 
in launching systematic groundwater 
development programs such as the 



Minor Irrigation Scheme, Rural 
Electrification Scheme/ SPA Scheme, 
Cattle Drinking Water Supply Scheme 
and the construction of wells for 
individuals. From these and 
subsequent, more detailed, 
hydrogeological surveys and drilling 
programs, groundwater potential 
zones able to receive recharge and 
transmit water were delineated. 

These zones were categorized 
into thirteen groups. Hilly and 
inaccessible areas and areas with saline 
water or poor yield potential are not 
included. A total of 766 groundwater 
potential zones were identified and 
demarcated in 1977/78. The number 
of groundwater potential zones has 
since been reduced to 583 by merging 
zones of 50 km2 or less with the 
neighboring zone. Groundwater 



Table 5 Characteristics of groundwater potential zones 



Code 


Zone 


Sub- 
code 


Aquifer 


Nature of Aquifer 


Suitable for 


A 


Unconsolidated 
Aquifer 


Al 


Younger alluvium 


Intercalated clay layers, 
moderately permeable 


Tubewells 


A2 


Younger and old 
alluvium 


Appreciable clay contents, 
low permeability 


Tubewells 


A3 


Older alluvium 


Dominantly argillaceous, 
calcareous, poor 
permeability 


Ring wells, dug wells 


B 


Semi- 
consolidated 
to consolidated 
Aquifer 


Bl 


Tertiary sandstone 


Medium to coarse grained 
arenaceous, 

moderate permeability 


Tubewells 


Occasional 
limestone 


Tubewells 


B2 


Vindhyan 
sandstone 


Medium grained 
intercalation of shales, 
moderate to low 
permeability 


Tubewells 


B3 


Vindhyan 
sandstone 


Fine grained, compact, 
poor permeability 


Dug well, tubewell 


B4 


Vindhyan 
limestone 


Partly cavernous, 
moderate to low 
permeability 


Tubewell, dug well 


C 


Consolidated 
Metamorphic 
Aquifer 


CI 


Quartzite/ 
Sandstone/ 

Phyllite/ Schists/ 

Granite and acid 
intrusive 


Moderate secondary 
permeability due to 
extensive weathering and 
fractured zones 


Wide diameter, 
tubewells/ dug wells 


C2 


Quatzite/Gneisses/ 
Slate/Shale/Basic 
& Ultra basic 
intrusives 


Low secondary 
permeability due to limited 
fractured zones 


Tubewells, wide 
diameter 


Dug-cum-bore wells 


C3 


Quartzite/ 

Gneisses/Slate/ 
Shales/Basic 

& ultra basic 
intrusives 


Compact poor 
permeability 


Revitalization of dug 
wells by blasting, 
lateral drilling, etc. 


D 


Detailed hydrological investigations are in progress 


E 


Area not suitable for further groundwater development due to meager potential, unsuitable water 
quality and inaccessibility 


F 


Hills 



potential zones are periodically revised 
based on further surveys and 
exploratory drilling programs. 

For greater clarity of 
classification, groundwater potential 
zones have now been divided into five 
groups, 1 5 zones, 1 3 sub-zones and 94 
sub-sub zones (see Table 4). The sub 
and subsub zones are based on 
variation in discharge and quality of 
water (Table 5). The first and second 
estimates were made during 1984 and 
1988 but the area determined during 
1990 increased by 10.67% and 14.14% 
over 1984 and 1988 years, i.e., the 
coverage improved in the subsequent 
years of estimation. Detailed, long- 
term hydrogeological investigations for 
delineating aquifers, studying their 
geometry and hydrological 
parameters, and identifying the 
dynamic and static groundwater 
resources were undertaken in 1976. 
These studies investigated 
hydrogeological, hydrogeochemical, 
hydro-meteorological and geophysical 
aspects over at least one hydrologic 
cycle and involved exploratory drilling. 
Shortage of funds prevented these 
studies from being undertaken in a 
large number of basins simultaneously. 

The studies in western 
Rajasthan were mainly financed under 
the Desert Development Programme 
(DDP)/Drought Prone Area 
Development Programme (DPAP), 
whereas in eastern Rajasthan they 
were financed under the State Plan 
Scheme. 

Hydro-geomorphology and 
Groundwater Development/ 
Recharge 

Besides rainfall and 
lithological characteristics, the 
development of groundwater aquifers 
and recharge to such aquifers is largely 
determined by the geomorphic 
properties of the land, especially slope, 
drainage patterns and the nature and 
thickness of the 
unconsolidated/semiconsolidated 
layers over the bedrock formations. A 



Source: Ground Water Department Map, "Ground Water Potential Zones", 1977/78 
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Table 6 Potential area (km 2 ) capable of receiving recharge 



District 


District size 


Potential 
recharge area 


Pfitpntial 

area as a % 
of the district 


Unproductive 
recharge area 


T T n n t*n H 1 1 c t i vp 

\-J 1 1 1 J 1 UUUvll T V- 

area as a % 
of the district 


Ajmer 


8,481 


7,466.76 


88.04 


1,014.24 


11.96 


Alwar 


8,380 


6,843.81 


81.67 


1,536.19 


18.33 


Banswara 


5,037 


4,289.42 


85.16 


747.58 


14.84 


Barmer 


28,387 


13,492.32 


47.32 


14,894.68 


52.47 


Bharatpur 


5,100 


3,412.52 


66.91 


1,687.48 


33.09 


Bhilwara 


10,455 


9,354.84 


89.48 


1,100.16 


10.52 


Bikaner 


27,244 


11,561.00 


42.43 


15,683.00 


57.57 


Bundi 


5,550 


4,240.18 


76.40 


1,309.82 


23.60 


Chittorgarh 


10,856 


8,277.87 


76.25 


2,578.13 


23.75 


Churu 


16,830 


6,440.34 


38.27 


10,389.66 


61.73 


Dholpur 


3,000 


2,231.35 


74.38 


768.65 


25.62 


Dungarpur 


3,770 


2,649.00 


70.26 


1,121.00 


29.74 


Jaipur 


14,068 


12,623.29 


89.73 


1,444.71 


10.27 


Jaisalmer 


38,401 


9,027.76 


23.61 


29,373.24 


76.49 


Jalore 


10,640 


7,520.64 


70.68 


3,119.86 


29.32 


Jhalawar 


6,219 


6,106.16 


98.18 


112.84 


1.82 


Jhunjhunu 


5,728 


5,153.22 


89.96 


574.78 


10.04 


Jodhpur 


22,850 


16,606.51 


72.68 


6,243.49 


27.32 


Kota 


12,436 


12,015.38 


96.62 


420.62 


3.38 


Nagaur 


17,718 


15,106.28 


85.26 


2,611.72 


14.74 


Pali 


12,387 


7,362.54 


59.44 


5,024.46 


40.56 


S.Madhopur 


10,527 


8,670.05 


82.36 


1,856.95 


17.64 


Sikar 


7,732 


6,957.04 


89.97 


774.96 


10.63 


Sirohi 


5,136 


4,075.71 


79.35 


1,060.29 


20.65 


S. Ganganagar 


20,634 


2,078.16 


10.07 


21,555.84 


89.93 


Tonk 


7,194 


6,525.71 


90.71 


668.29 


9.29 


Udaipur 


17,279 


12,467.86 


72.15 


4,811.14 


27.85 


Rajasthan total 


342,039 


212,555.72 


62.14 


129,488.28 


37.86 



Source: Chatterji, PC. (1993), 'Status of Ground Water in Rajasthan - Retrospect and Prospect', Institute of 



Development Studies, Volume I, pp. 96. 
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Rainfall and Groundwater 

While recognizing the 
importance of the factors discussed 
above in understanding the status and 
potential of groundwater, ultimately it 
is the rainfall distribution and quality 
that determines groundwater 
availability Rajasthan can be divided 
into three rainfall zones: arid, semi- 
arid and sub-humid (Figure 2). The 
total area classified as arid is 196,149 
km 2 (58% of the state), as semi-arid is 
121,016 km 2 (36%), and as sub-humid 
is 21,248 km 2 (6%). Rainfall 
distribution is highly variable, both in 
time and space. Annual rainfall across 
the state varies from more than 900 
mm in the southeastern part to less 
than 100 mm in the west (Tables 7 and 
8). Only the Mount Abu region 
receives more than 1 ,593 mm of rain a 
year due to its elevation, but this 
localized heavy rainfall over such a 
small region is not considered to 
influence the climatic conditions of 
the neighboring regions, which are 
sub-humid to semi-arid. The Mount 
Abu region is therefore often not 
included in the regional climatic 
classification. 

The current practice to 
estimate recharge through rainfall 
assumes various natural factors. These 
factors are always site-specific and 
depend on the physiographic setting, 



soil type, natural vegetation and 
geological formation. Rajasthan has a 
heterogeneous assemblage of soil 
types and its geological formations 
have varied physical and chemical 
characteristics. Unless these 
parameters are scientifically 
determined, assessment results will 
not be of practical use. Even the 
classification of zones as "white", 
"gray" or "dark" may not depict the 
true picture. 

Impact of Rainfall Variability on 
Water Resources 

Rainfall is the most vital input 
in the hydrological cycle and 
fluctuations in quality and distribution 
strongly influence surface and sub- 
surface water sources. Often the 
impact of rainfall variability is clearly 
evident on surface water sources 
within a short time, but its impact on 
sub-surface sources is complex and 
long-lasting, often with a time lag 
between incidence and effect. 
Groundwater occurs under diverse 
climatic, physiographic and geological 
conditions and the sub surface 
medium through which water filters 
plays an important role in building-up 
groundwater reserves. A careful 
understanding of the terrain and 
recharge conditions and long-term 
studies on variations in rainfall 



patterns and water exploitation are 
needed in order to interpret changes 
in groundwater storage. Table 9 
shows the changes in water level over 
time by district. Because of the 
increased overdraft of groundwater 
from all the potential regions of 
western Rajasthan, recharge to the 
aquifer during normal rainfall periods 
is inadequate, especially because of 
the sporadic rainfall distribution 
patterns and the terrain 
characteristics, with a major portion 
of the precipitation being lost as 
runoff or through evaporation. It is 
therefore important to identify the 
potential aquifers so that the limited 
surplus rainwater received in the 
region is conserved efficiently for use 
during drought years and to meet the 
ever-increasing demands on 
underground water resources. 

Impact of Drought 

Apart from the periods of 
drought which limit recharge and lead 
to a lowering of the water table, the 
increase in number of wells and area 
irrigated also increase the rate of 
withdrawal of groundwater. The rate 
of withdrawal is greater than the 
recharge rate and leads not only to a 
decrease in the water level but also to a 
deterioration of the water quality. 
With this pattern of water use in 
various regions of the state, the impact 
of even a mild drought would have 
long-lasting effects on the water 
resources of the region. Prolonged 
droughts caused adverse effects 
experienced over all of Rajasthan 
during 1984-88 and 1997- 2002. As a 
consequence of low rainfall and 
associated drought conditions, the 
groundwater reserves in most parts of 
the state were not sufficiently 
replenished. The groundwater level 
has dropped from 1 m to 6 m in about 
90% of the state. 

To assess the hydrogeological 
conditions of various aquifers, the 
Central Arid Zone Research Institute 
carried out a study on the water 
balance from 1977 to 1980. 42 key 
wells were selected at which rainfall 
and static water levels were recorded 
every day from June to March of the 
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Table 7 Rainfall variability in different regions of Rajasthan 



Station 


Normal 
rainfall 
(mm) 


Average 
# of rainy 
days 


Greatest 
annual 
rainfall 
(mm) 


Greatest 
annual 
rainfall 

as a % of 
normal 


Year of 
greatest 
rainfall 


Greatest 
24-hr 

rainfall 
(mm) 


Date of 
greatest 
24-hr 
rainfall 


Arid 


Banner 


288.0 


14.1 


940.0 


326 


1944 


285.7 


13.8.1944 


Bikaner 


289.8 


19.0 


758.2 


262 


1917 


165.6 


25.9.1945 


Churu 


356.5 


20.7 


783.8 


220 


1917 


146.1 


5.9.1942 


Ganganagar 


248.4 


19.5 


674.0 


271 


1983 


251.7 


31.8.1928 


Jaisalmer 


186.2 


12.5 


583.1 


313 


1944 


129.5 


25.6.1961 


Jalore 


377.2 


18.3 


1039.4 


276 


1990 


279.4 


11.9.1905 


Jhunjhunu 


399.2 


25.5 


777.8 


195 


1956 


121.9 


14.7.1908 


Jodhpur 


365.2 


20.0 


1180.5 


323 


1917 


215.9 


12.9.1924 


Nagaur 


329.9 


19.6 


1259.0 


382 


1975 


285.0 


17.7.1975 


Pali 


418.3 


19.0 


1047.0 


250 


1990 


200.0 


6.8.1990 


Sikar 


455.8 


29.7 


1093.0 


240 


1977 


184.4 


25.8.1964 


Semi-arid 


Ajmer 


537.5 


31.0 


1226.8 


228 


1917 


164.6 


31.8.1928 


Alwar 


667.4 


36.0 


1260.3 


189 


1917 


289.3 


24.9.1904 


Bharatpur 


651.5 


35.8 


1382.8 


212 


1986 


228.6 


11.8.1916 


Bhilwara 


682.5 


32.0 


1304.0 


191 


1956 


216.4 


18.9.1950 


Bundi 


758.6 


35.9 


1546.6 


204 


1942 


370.3 


6.9.1947 


Chittorgarh 


862.9 


33.5 


1533.7 


178 


1944 


274.3 


20.7.1943 


Dungarpur 


738.0 


36.8 


1800.6 


244 


1937 


486.4 


30.6.1937 


Jaipur 


614.4 


35.3 


1317.0 


214 


1917 


353.6 


19.7.1981 


Kota 


760.9 


37.9 


1586.5 


209 


1917 


249.2 


13.7.1945 


S. Madhopur 


872.9 


37.7 


2445.0 


280 


1942 


301.0 


16.7.1942 


Tonk 


669.1 


33.0 


1513.6 


226 


1945 


246.4 


18.8.1945 


Udaipur 


640.1 


34.4 


1223.3 


191 


1917 


183.9 


18.9.1950 


Sirohi 


574.2 


26.7 


1571.6 


273 


1973 


362.7 


14.8.1941 


Sub-humid 


Banswara 


952.3 


41.9 


1977.0 


210 


1977 


558.8 


23.7.1957 


Jhalawar 


975.8 


47.8 


1708.2 


175 


1942 


252.0 


29.6.1945 


Humid 


Mt. Abu 


1593.8 


52.9 


3990.3 


250 


1944 


484.9 


14.8.1941 



Source: Chatterji, P.C. (1993), 'Status of Ground Water in Rajasthan - Retrospect and Prospect', 
Institute of Development Studies, Volume II, pp. 321. 



following year (Chatterji 1988). 
Similarly, a study of the water balance 
of the Luni Basin (32,805 km2) was 
carried out from 1979 to 1983 for 
which 141 key wells were selected and 
250 rain gauging stations were set up. 
Such studies need to be conducted 
across the state on a continuous basis 
and the information generated used 
for managing the groundwater 
resource. 

Groundwater Resource Assessment 

All resources, whether non 
renewable or renewable, have their 
limitations for exploitationor use. 
This holds true for groundwater too. 
Although rain or surface water 
replenishes groundwater, the quantity 
of recharge is dependent on both 
natural and artificial parameters 
which vary across space. Spatially 



sustainable use of groundwater 
requires equilibrium between all 
waters entering and leaving the basin. 
Determining the safe yield of a 
groundwater basin requires 
knowledge of; 

(i) the water supply available to 
the basin, 

(ii) the economics of pumping 
within the basin, 

(iii) the quality of the 
groundwater, and 

(iv) user rights in and around the 
basin. 

Quantifying the groundwater 
available can be done using two 
concepts based on the existing 
hydrological situations: 

(i) the quantity concept for an 
unconfined aquifer, and 

(ii) the rate concept for confined 
aquifers. These are 
explained below. 



Unconfined (Water Table) Aquifers 

Groundwater is essentially a 
dynamic resource that is recharged by 
various sources. The most important 
mode of recharge to the aquifer is the 
direct infiltration of rainwater, which 
varies according to climate, topography, 
soil and sub-surface geological 
characteristics. Depending on the 
efficiency of the irrigation system and the 
soil characteristics, a portion of applied 
irrigation water also reaches the 
groundwater. Influent streams recharge 
the groundwater body too, depending on 
the drainage density, width of stream and 
texture of the riverbed material. Other 
sources of recharge include percolation 
from canal systems, reservoirs, tanks and 
other bodies of water. An estimation of 
these sources of recharge can give an 
estimate of safe yield. 

Confined Aquifers 

Confined aquifer resources can 
be quantified using the rate concept. In 
confined aquifers, water is released by 
decompression of the aquifer, unlike in 
an unconfined, water table aquifer where 
de-saturation takes place. The quality of 
groundwater transmitted through deeper 
zones can be computed and development 
of the resource be planned accordingly. 
For a scientific assessment of 
groundwater resources, the Ground 
Water Over Exploitation Committee was 
created in 1977 by the Agriculture 
Refinance and Development 
Corporation (ARDC), now known as the 
National Bank for Agriculture and Rural 
Development (NABARD). Following a 
detailed study, the committee made 
recommendations in 1979. Its methods 
used were later considered flawed, 
however, and in 1982 the Government of 
India created the Ground Water 
Estimation Committee. This committee, 
after consultation with various central 
and state organizations, universities, 
research and financial institutions, 
prepared a set of guidelines for assessing 
groundwater resources. A modified 
version of these guidelines is used by the 
SGWD today to calculate groundwater 
extraction and recharge (Vijay et al. 
1986). Various organizations have 
suggested different methods for assessing 
groundwater potentials and rainfall 
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recharge. However, as Chatterji (1993) 
argues, adopting any of these methods 
requires knowing various natural 
parameters, such as the hydrological 
characteristics of geological and 
lithological formations, recharge 
through surface water resources, etc. 
Without knowing these parameters for a 
specific area, values have to be assumed. 
Chatterji pointed out shortcomings to 
the proposed methods and tried to 
develop a more accurate one for western 
Rajasthan based on detailed information 
of these parameters. 

The major shortcomings Chatterji listed 
were: 

(i) The lack of information on 
rainfall in various terrains and 
their sub-surface 
characteristics, which require 
more rain gauge stations; 

(ii) That besides the area of the 
potential aquifer, the 
physiographic conditions of the 
area must be considered in 
order to estimate the 
groundwater resource; 

(iii) That water balances should be 
reported for drainage basin 
rather than district; 

(iv) That current observations of 
key wells - twice a year by the 
SGWD and four times a 

year by the Central Ground 
Water Board - seems 
inadequate given the state's 
geohydrological conditions. 
The number of observation 
days and the number of wells 
observed must be increased; 

(v) That currently, specific yield is 
used for estimating 
groundwater potential, but 
aquifer porosity would give 
better results; 

(vi) That more experiments need to 
be done on seepage and 
recharge through old tanks 
rather than using ad hoc 
estimations. 

Augmentation of Groundwater 
Resources 

Groundwater is a renewable, 
finite resource; annual recharge is 
governed by several natural factors. The 
stored capacity of groundwater 



Table 8 Average number of rainy days in Rajasthan (1997-2001) 



Name of Districts 


1997 


1998 


1999 


2000 


2001 


Jaipur/ Dausa 


43 


35 


55 


51 


69 


Tonk 


- 


- 


27 


26 


29 


Bharatpur 


37 


- 


34 


28 


34 


Alwar 


44 


- 


31 


26 


36 


Dholpur 


36 


- 


31 


28 


36 


Sikar 


36 


- 


20 


19 


29 


Jhunjhunu 


41 


35 


24 


22 


27 


Churn 


34 


27 


15 


13 


22 


Jodhpur 


28 


19 


12 


12 


21 


Jaisalmer 


15 


15 


8 


6 


15 


Barmer 


22 


17 


11 


22 


15 


Pali 


32 


21 


16 


16 


24 


Sirohi 


32 


28 


16 


21 


31 


Jalore 


27 


17 


12 


14 


19 


Udaipur/ Rajsamand 


68 


67 


50 


37 


64 


Banswara 


Na 


43 


32 


23 


29 


Dungarpur 


39 


39 


27 


32 


30 


Chittorgarh 


37 


33 


32 


24 


29 


Kota/Baran 


96 


- 


72 


51 


68 


Jhalawar 


- 


- 


42 


27 


34 


Sawai Madhopur/ Karauli 


82 


- 


67 


52 


65 


Bundi 


38 


36 


28 


26 


27 


Ajmer 


31 


20 


16 


17 


24 


Bhilwara 


34 




25 


21 


28 


Nagaur 


36 


24 




18 


23 


Bikaner 


29 


18 


11 


12 


17 


Ganganagar/ Hanumangarh 


56 


34 


25 


15 


36 


Average # of rainy days 


35 


26 


24 


20 


28 



Source: Ground Water Department, Jaipur 

reservoirs combined with small flow 
rates provides a large, extensive 
distribution of water supply In order to 
augment the natural groundwater reserve, 
artificial recharge of groundwater 
basins/bodies has been attempted. 
Artificial recharge can be defined as 
augmenting natural infiltration of 
precipitation or surface water into 
underground formations by altering 
natural conditions of replenishment. In 
other words, surplus water, which would 
otherwise flow out 

of an area, is retained for a longer period, 
thus enabling more infiltration than 
runoff. Artificial recharge is attempted in 
order to: 

i Restore supplies to an aquifer 
depleted from excessive draft or 
augment supplies to aquifers 
lacking adequate recharge; 



ii Store excess surface water 
underground for future use; 

iii Improve the quality of the 
groundwater or prevent its 
deterioration, or to create a 
fresh water layer; 

iv Remove sediment, 
bacteriological and other 
impurities from sewage and waste 
water effluent; 

v Store energy in aquifers or obtain 
cool water of a relatively constant 
temperature; 

vi Arrest or reduce land subsidence 
by increasing hydrostatic 
pressure. 

Government Initiatives 

The Department of Soil 
Conservation and the Department of 
Public Works are constructing artificial 
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recharge structures such as anicuts, 
bunds, khadins, rapats and percolation 
tanks and devising water spreading 
methods in order to reduce soil erosion 
and gulley formations, conserve soil 
moisture and provide causeways. These 
activities are being carried out in a 
sectoral approach. As a result, the 
effects of these activities on the 
groundwater regime are not known, 
mainly because these constructions 
were not designed with water resource 
exploitation in mind. Structure built in 
connection with artificial groundwater 
recharge or conjunctive utilization need 
to have certain pre-requisites, and 
hydrological and hydrogeological 
observations must be made over long 
periods after their construction to assess 
their effectiveness and benefits. The 
Ground Water Department initiated 
artificial recharge studies in 1990. The 
construction of recharge structures has 
been undertaken by the department 
with some reservation as there is no 
provision for comprehensive pre- 
feasibility or post-construction 
evaluation studies. The State 
Government's present effort in 
watershed development is a major 
intervention in natural resource 
regeneration and groundwater recharge. 
The budgetary allocation, which is the 
largest with any department, is given in 
Table 10. However, given the rainfall 
distribution pattern, the 
hydrogeological characteristics of the 
aquifer, the non-availability of silt-free 
surplus water at regular intervals and 
the variable quantities of water, it seems 
that adopting artificial recharge 
methods may not yield meaningful 
results to compensate for the overdraft. 
So far, very few scientifically designed 
experiments have been done to assess 
the suitability of various methods for 
different terrains, soils and rainfall 
zones. Their impacts on water resources 
and socio-economic development are 
therefore as yet unknown. 

NGOs' Efforts in Groundwater 
Augmentation 

People in the arid and semi- 
arid regions of Rajasthan practice 



Table 9 Changes in pre-monsoon water levels, 1984-2001 



District 


Average rise/decline 


Average annual rise/decline 


1984-2001 


1998-2001 


1984-1998 


1984-2001 


1984-1998 


1998-2001 


2001 


Ajmer 


-6.29 


-5.59 


-0.7 


-0.37 


-0.05 


-1.86 


-0.7 


Alwar 


-6.72 


-4.2 


-2.52 


-0.4 


-0.18 


-1.4 


-1.79 


Banswara 


-1.66 


-2.22 


-0.556 


-0.1 


-0.04 


-0.74 


-1.63 


Baran 


-2.83 


-3.01 


0.18 


-0.17 


-0.01 


-1.03 


-2.06 


Barmer 


-1.8 


-1.51 


-0.29 


-0.11 


-0.02 


-0.5 


-0.48 


Bharatpur 


-2.66 


-1.97 


-0.69 


-0.16 


-0.05 


-0.66 


-1.6 


Bhilwara 


-6.19 


-5.11 


-1.08 


-0.36 


-0.08 


-1.7 


-1.4 


Bikaner 


1.74 


1.29 


1.45 


0.1 


-0.1 


0.1 


-0.2 


Bundi 


-5.04 


-4.5 


-0.54 


-0.3 


-0.04 


-1.5 


-1.35 


Chittorgarh 


-5.58 


-3.02 


-2.56 


-0.33 


-0.18 


-1.01 


-1.23 


Churu 


0.09 


-0.53 


-0.62 


0.005 


-0.04 


-0.18 


0 


Dausa 


-4.46 


-2.99 


-1.47 


-0.26 


-0.11 


-1 


-1.75 


Dholpur 


-2.72 


-1.43 


-1.29 


-0.16 


-0.09 


-0.48 


-0.87 


Dungarpur 


-3.75 


-3.5 


0.15 


-0.22 


-0.01 


-1.3 


-1.7 


Hanumangarh 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


Sri Ganganagar 
















Jaipur 


-6.68 


-2.33 


-4.35 


-0.39 


-0.31 


-0.8 


-1.15 


Jaisalmer 


0.27 


-0.33 


0.6 


0.015 


-0.04 


-0.11 


-0.09 


Jalore 


-8.66 


-3.94 


-4.22 


-0.51 


-0.34 


-1.31 


-0.77 


Jhalawar 


-2.42 


-3.54 


1.12 


-0.14 


-0.08 


-1.18 


-1.34 


Jhunjhunu 


-7.67 


-3.9 


-3.77 


-0.45 


-0.27 


-1.3 


-1.21 


Jodhpur 


-7.57 


-3.3 


-4.47 


-0.45 


-0.32 


-1.1 


-1.02 


Karauli 


-4.65 


-1.83 


-2.82 


-0.27 


-0.2 


-0.28 


-1.79 


Kota 


-2.87 


-3.46 


0.62 


-0.17 


-0.04 


-1.15 


-2.72 


Nagaur 


-7.07 


-2.63 


-4.44 


-0.42 


-0.32 


-0.88 


-1.08 


Pali 


-7.19 


-6.25 


-0.94 


-0.42 


-0.07 


-2.08 


-1.47 


Rajsamand 


-5.95 


-5.06 


-0.89 


-0.35 


-0.43 


-1.69 


-1.12 


Sawai Madhopur 


-3.8 


-2.82 


-0.98 


-0.22 


-0.27 


-0.94 


-2.31 


Sikar 


-5.72 


-2.58 


-3.14 


-0.34 


-0.41 


-0.86 


-0.72 


Sirohi 


-6.69 


-5.56 


-1.13 


-0.39 


-0.48 


-1.85 


-0.88 


Tonk 


-5.6 


-3.99 


-1.61 


-0.33 


-0.4 


-1.33 


-1.98 


Udaipur 


-3.3 


-3 


-0.8 


-0.23 


-0.27 


-1 


-1.03 



innovative methods of harvesting 
rainfall runoff for drinking and 
agriculture by building embankments. 
Several NGO's have initiated programs 
aimed at reviving these traditional water 
harvesting systems with community 
participation. Some popular NGO's are 
Tarun Bharat Sangh, Gramin Vikas 
Vigyan Samiti (GRAVIS), Social Work 
Research Centre (SWRC), Center for 
Community Economics and 
Development Consultants Society 
(CECOEDECON), Seva Mandir and 
Pradhan. They focus on watershed 
management, natural resource 
management, drought mitigation, 
improving drinking water supply, soil 
conservation, etc. A range of activities 
was undertaken to harness rainwater 
runoff. The structures range from 
earthen field bunds to cement concrete 
structures, and from plugging water 
flow in small streams to structures to 
harness the flow from whole watersheds 



or sub-river basins. Funding varies from 
government to international rural- 
support organizations. With all these 
interventions, the main objective was to 
check surface runoff, impound water 
and recharge groundwater. Most of the 
NGOs' activities are participatory and 
address immediate local needs, but little 
consideration is given to impacts 
downstream and at the watershed scale. 
The design and location of the 
structures are guided by local 
conditions, especially the topography of 
the area, and built with traditional 
and/or modern knowledge. These 
NGO interventions are so varied and 
location-specific that in most cases it is 
difficult to replicate, either because of 
geographical conditions or the 
prevailing socio-economic and political 
conditions. Even when models are 
followed, as in the case of watershed 
development, their implementation 
varies across the State. However, one 
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Table 10 Watershed development in Rajasthan - physical and financial 
achievements between 1974 and 2002 



Year 


NWDP* 


Special Plans 


Outsider Helping 
Plans 


Total 


Area 
(ha) 


Rs. 
('000) 


Area 
(ha) 


Rs. 
('000) 


Area 
(ha) 


Rs. 
('000) 


Area 
(ha) 


Rs. 
('000) 


1974^75 






59681 


6.27 






59681 


6.27 


1975-76 


_ 


- 


54582 


48.58 




- 


54582 


48.58 


1976-77 


- 


- 


18248 


0.7 


- 


- 


18248 


0.7 


1977-78 


_ 


_ 


8299 


6.72 


_ 


_ 


8299 


6.72 


1978-79 


_ 


_ 


16303 


67.3 


_ 


_ 


16303 


67.3 


1979-80 




- 


35649 


92.76 




- 


35649 


92.76 


1980-81 




- 


32356 


236.31 




- 


32356 


236.31 


1981-82 




- 


46530 


219.45 




- 


46530 


219.45 


1982-83 


- 


- 


41840 


315.66 


- 


- 


41840 


315.66 


1983-84 


- 


- 


36086 


375.08 


- 


- 


36086 


375.08 


1984-85 


_ 


_ 


17368 


124.28 


_ 


_ 


17368 


124.28 


1985-86 


_ 


- 


29677 


581.08 




- 


29677 


581.08 


1986-87 


1329 


8.43 


66249 


1669.07 




- 


67578 


1677.50 


1987-88 


11597 


90.77 


30870 


877.8 




- 


42467 


968.57 


1988-89 


9645 


90.20 


26638 


1023.56 




- 


36183 


1113.76 


1989-90 


11763 


120.99 


31460 


1091.35 


- 


- 


43223 


1212.34 


1990-91 


9000 


833.64 


24057 


1420.74 


_ 


71 


33057 


2325.38 


1991-92 


24633 


750.82 


22485 


1110.16 


1407 


365.12 


48525 


2226.10 


1992-93 


95555 


1464.01 


28281 


1378.83 


5431 


872.07 


129267 


3714.91 


1993-94 


104882 


2086.87 


46942 


1284.98 


14146 


1271.89 


165970 


4643.74 


1994-95 


77879 


2452.00 


38581 


2430.69 


25568 


1397.99 


142028 


6280.68 


1995-96 


96087 


3500.50 


97468 


2360.52 


25614 


2515.68 


219169 


8376.70 


1996-97 


116015 


3548.27 


36355 


1183.66 


29700 


2906.41 


182070 


7638.34 


1997-98 


75950 


2578.7 


26459 


2667.15 


36105 


2400.15 


138514 


7646.00 


1998-99 


89459 


3814.49 


79872 


4080.24 


13500 


1473.79 


182831 


9368.52 


1999-00 


85792 


3932.71 


69910 


4262.27 


1102 


182.34 


156804 


8377.32 


2000-01 


119518 


3895.82 


51463 


5748.89 


247 


82.09 


171228 


9726.80 


2001-02 


60783 


3654.88 


25576 


4323.66 






86359 


7978.54 


Total 


989887 


32823.10 


1099285 


38987.76 


152820 


13538.53 


2241992 


85349.39 



Source: Watershed Rajasthan Annual Report 2001-2002, pp. 16-17. 



*National Watershed Development Programme 

common element in all these 
interventions is groundwater recharge. 
As groundwater recharge depends on 
geohydrological parameters, it becomes 
difficult to assess their actual impact. 
This becomes even more difficult when 
the intervening agency is not aware of 
these technical parameters. What is 
known, from the existing literature and 
field visits, is that NGOs are good at 
mobilizing and motivating 
communities for such works, 
economizing on costs and ensuring, to a 
degree, the utilization and sustainability 
of the system. But the NGOs do not 
know the exact nature of the benefits 
derived from these recharge structures. 



Even when they attempt to evaluate 
their benefits, they invariably either 
ignore or give a low priority to the 
technical parameters. It is not that 
NGOs are not interested in such 
evaluations, but they lack the necessary 
information and expertise to do so with 
any accuracy 

Technical Review of Recharge Impact 
Reports 

The technical review presented 
here summarizes all the technical 
evaluations of water harvesting and 
groundwater recharge activities that the 
Institute of Development Studies in 
Jaipur was able to identify through an 



extensive literature search. Before going 
into detail, however, it is important to 
emphasize that, while the published 
literature on water harvesting and 
groundwater recharge in Rajasthan is 
huge, very little of it contains any 
technical information. 

Despite the scale of emerging 
groundwater overdraft problems and 
the large amounts of time and money 
invested in addressing the problem, and 
despite extensive reviews of available 
literature, the Institute of Development 
Studies in Jaipur was only able to locate 
three semi-technical analyses that 
address the impacts that water 
harvesting and groundwater recharge 
activities may be having. These 
technical analyses were each 
undertaken by the International Water 
Management Institute, the Government 
of Rajasthan, and by Dr. Agrawal from 
IIT Kanpur (Agrawal 1996; H.D.D. 
Directorate 1999; Bagider, 
Sakthivadivel etal 2002). 

The first of these studies, by the 
IWMI team, focused on the Taal' 
system of water harnessing in Alwar 
district of Rajasthan. In their study, they 
documented the benefits of water 
harvesting as an increase in the water 
table and in agriculture production by 
participating households. The second 
study, by Agarwal (1996), pertains to 
the large number of traditional 
rainwater harnessing structures called 
'Johads' that were revived and 
constructed by Tarun Bharat Sangh in 
Alwar district. The third study was done 
by the Irrigation Department, 
Government of Rajasthan, to 
investigate the impact of Johads on the 
Sainthal Sagar Daml. The information 
and limitations of these three analyses is 
summarized here. This is not intended 
to be an evaluation of the impact of the 
water harvesting activities themselves 
but rather an evaluation and summary 
of the technical information contained 
in these reports. 

General Approach of Existing 
Evaluations 

Before discussing the 
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individual reports, two points are 
important to recognize with regard to 
the information they contain. First, the 
analyses are largely empirical; they 
report observed relationships between 
recharge activities, groundwater levels, 
stream flows, etc. As far as can be 
determined, no attempts were made to 
estimate key hydrological parameters or 
model hydrologic dynamics in the 
reports. Second, the reports contain little 
baseline data and relatively little 
indication of the sources for the data 
they do use. As a result, it is impossible 
to cross check the accuracy of the 
relationships they report in most cases. 

Overall Conclusions and 
Recommendations 

One of the largest challenges in 
evaluating the viability of groundwater 
harvesting for recharge is the lack of 
accessible technical information on the 
overall groundwater context in 
Rajasthan. As a result, the first step in 
planning and the development of 
groundwater resources in the State 
should be detailed mapping of the 
resource base. In addition, to asses and 
plan optimum utilization of 
groundwater resources, precise 
determination of all the hydrological 
parameters under different geomorphic 
and rainfall conditions for the same 
lithological unit is required. Even the 
river basin boundaries should be 
demarcated more precisely - something 
that can be achieved with the help of 
advanced remote sensing techniques. 

In areas where basin 
boundaries cannot be identified, we 
suggest that the area of the basin be 
classified into "Donor" and "Receptor" 
zones or as "Index Catchment". 
Assessment and exploitation of 
groundwater resources should be 
restricted to Receptor Zones only in 
order to derive maximum benefit of the 
recharge, whether natural or artificial. 
Geomorphic mapping of the State on a 
1:50,000 scale depicting all structural 
controls such as lineaments, present and 
prior drainages, flood and alluvial 
plains, existing wells /tubewells, 
donor and receptor zones for the areas 
covered with sand and sand dunes 
having no defined drainage system, 



groundwater potential basins, etc. will 
provide a better understanding for 
further exploration, exploitation and 
correlation of results in order to better 
manage the groundwater resources. 

It is of paramount importance 
to understand the interrelationship 
between the drainage pattern and 
lithological formations and the 
groundwater potential and recharge. To 
better understand rainfall patterns, the 
World Meteorological Organization 
has suggested that rain gauging stations 
be installed on a 10-km grid in the plains 
and a 5-km grid in hilly areas of arid and 
semi-arid regions. Though 
unproductive areas do not directly 
contribute to the groundwater resources 
of the state, they do contribute to 
generating surface runoff and/ or sub- 
surface flow to the potential aquifer. In 
Rajasthan, the India Meteorological 
Department has 30 observatories, the 
Revenue Department has 268 rain 
gauging stations, the Irrigation 
Department has 223 rain gauging 
stations and the Central Water 
Commission has 14 rain gauging 
stations - a total of 535 rain gauging 
stations already exist in the state. 
Besides these, there are many rain 
gauging mechanisms installed on Dak 
Bungalows and Circuit Houses under 
the control of the Public Works 
Department. If an observation well is 
within one or two kilometers of on of 
these rain gauging stations, he data 
being generated by them should be used 
to assess groundwater changes. 

The Ground Water 
Department has identified 583 
groundwater potential zones in 26 
districts of Rajasthan. Although 
Rajasthan already has one of the largest 
state networks of piezometers and key 
wells where groundwater levels are 
monitored, the links between these 
wells and other hydrologic parameters 
are often unclear. We believe it would be 
desirable to have one monitoring station 
consisting of one key well and one rain 
gauging station in each zone for regular 
observations. In larger zones, more 
monitoring stations need to be selected. 

However, for a better 
understanding of the behavior of 
variation in water level in the more 



heterogeneous groundwater potential 
zones, two wells per rain gauging station 
would give better results. The Ground 
Water Department is already 
monitoring 6,708 key wells and the 
Central Ground Water Board is 
monitoring 1,095 key wells. As far as 
possible, existing key wells should be 
used for establishing monitoring 
stations. Monitoring procedures for 
both groundwater and rainfall must be 
coordinated to evaluate the relationship 
between precipitation and recharge. 
This can be achieved by establishing a 
proper rain gauging station network, as 
suggested by the WMO, and linking it 
with piezometers that are equipped with 
data loggers to frequently record 
groundwater level changes. This will 
allow for an evaluation of rainfall 
intensity-duration relationships and the 
time lag between rain spells and any 
recharge generated. 

The ionic composition of 
groundwater in relation to the 
mineralogical assemblage and 
weathered products of aquifers as well 
as the changing patterns and behaviors 
of various ions in the groundwater 
needs to be investigated and analyzed to 
monitor water quality. So far, no such 
information is available. Because the 
intensity and duration of rainfall plays a 
vital role in the generation of recharge, it 
is suggested that 10% of the monitoring 
stations be equipped with self-recording 
rain gauges and water level recorders. 
These could be installed in colleges, 
higher secondary schools, tehsils, Block 
Development Officer (BDO) 
headquarters or other government 
offices where responsible people are 
available to handle the equipment. 

At other monitoring stations, 
water level is to be recorded before the 
exploitation of an aquifer starts and 
rainfall is to be recorded according to 
standard practice at 8.00 every morning 
during the monsoon period. Feasibility 
studies on groundwater recharge 
techniques, their relative merits and 
economics under different terrain, 
rainfall and socio-economic conditions 
are essential. This would help in 
standardizing more suitable artificial 
recharge methods for Rajasthan. | 

*(Author is Professor in Institute of 
Development Studies, Jaipur 
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KNOW ABOUT WATER 




Q. What is Water? 

- Water is life. You can live without food 
for more than a month, but cannot only 
live without water for more than a 
week. In some organisms, (like 
jellyfish!) up to 90 % of their body 
weight comes from water. In human 
body, nearly 60 % is water - brain is 
composed of 85 % water, blood is 79 % 
water and the lungs are nearly 80 % 
water. 

Q. How much water is on earth? 

-Water covers nearly 75 % of the earth's 
surface. But 97 % of it is in the oceans 
and only 3 % of the earth's water can be 
used as drinking water. However, major 
part of it is either frozen in the polar ice 
caps or locked up in soil. Thus the water 
that can be utilized by us is only 0.5% of 



total water on the earth's surface. 

The total water supply of 
planet earth is 1335 million cubic km. It 
simply means that if we can construct a 
cubic box of length, breadth and height 
of 1 km each, we will require 
1335000000 such boxes to store all the 
water. Amazing ! Isn't it? 

About 13000 cubic km of 
water, mostly in the form of water 
vapor, is in the atmosphere at any one 
time. If it all fell at once, the Earth 
would be covered with only about 25 
mmofwater. Each day, 1150 cubic km 
of water evaporate or transpire into the 
atmosphere of the freshwater on earth, 
much more is stored in the ground than 
is available in lakes and rivers. More 
than 8,000,000 cubic km of fresh water 
is stored in the earth in comparison to 
about 150,000 cubic km of water stored 



in lakes, inland seas and rivers. Most of 
groundwater is within a km of the 
earth's surface. 

About 18,000,000 cubic km of 
water found in glaciers and icecaps, 
mainly in the polar regions and in 
Greenland 

Q. Why is the Ocean Salty? 

-The rain that falls on the land becomes 
slightly acidic due to some dissolved 
carbon dioxide from the surrounding 
air. The acid erodes and breakdowns the 
rock on earth and carries it along in a 
dissolved state as ions. The ions are 
carried through the streams and rivers to 
the ocean. While many of the dissolved 
ions are used by organisms others are 
left for long periods of time where their 
concentrations increase over time. The 
seawater contains chloride and sodium 
which make up over 90 % of all 
dissolved ions in seawater. The seawater 
contains nearly 3.5 % of dissolved salts. 
This makes the ocean water salty. 

Q. What is water cycle ? 

-One special characteristic of water is its 
ability to change state very easily. It can 
be found readily on the planet in all of its 
three forms, solid, liquid, and gas. The 
earth also has a limited amount of 
water. That water keeps going around 
and around, changing its states, in what 
we call the "Water Cycle" or the 
hydrologic cycle. The hydrologic cycle 
takes place in the hydrosphere, a region 
containing all the water in the 
atmosphere and on the surface of the 
earth. The cycle is the movement of 
water through this hydrosphere. Now 
the entire process is very simple, divided 
in to six parts as shown in the picture 

Condensation occurs when 
water vapor condenses in the 
atmosphere to form clouds. When the 
air cools enough, water vapor condenses 
on particles in the air to form clouds. As 
clouds form, winds move them across 
the globe, spreading out the water vapor. 
When eventually the clouds can't hold 
the moisture, they release it in the form 
of precipitation, which can be snow, 
rain, hail, etc. 

The next three stages: 
infiltration, runoff, and evaporation 
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occur simultaneously. Infiltration 
occurs when precipitation seeps into the 
ground. If precipitation occurs faster 
than it can infiltrate the ground, it 
becomes runoff. Runoff remains on the 
surface and flows into streams, rivers, 
and eventually large bodies such as 
lakes or the ocean. Infiltrated 
groundwater moves similarly as it 
recharges rivers and heads towards large 
bodies of water. Evaporation is the 
change of liquid water to a vapor 
through heat of the sun. Sunlight heats 
the liquid water in oceans and lakes and 
change into a gas. Warm air rises up into 
the atmosphere and becomes the vapor 
involved in condensation. 
The hydrologic cycle continues to move 
water and keep sources fresh. Without 
this process life on Earth would be 
impossible. 

GU What is water pollution? 

-When toxic substances enter lakes, 
streams, rivers, oceans, and other water 
bodies, they get dissolved or lie 
suspended in water or get deposited on 
the bed. This results in the pollution of 
water whereby the quality of the water 
deteriorates, affecting aquatic 
ecosystems. Pollutants can also seep 
down and affect the groundwater 
deposits. The main sources of water 
pollution are: 

❖ Domestic sewage like wastewater 
and sanitary sewage that is 
discarded from households. 

❖ Agricultural Run off like ground 
water from agricultural fields 
where chemical fertilizers have 
been used indiscriminately. 

❖ Industrial Effluents like 
Wastewater from manufacturing 
or chemical processes in 
industries • 

Q. Effects of Water Pollution 

-Water pollution is not only affect the 
people but also to animals, fish, and 
birds. Polluted water is unsuitable for 
drinking, recreation, agriculture, and 
industry It diminishes the aesthetic 
quality of lakes and rivers. 
Contaminated water destroys aquatic 
life and reduces its reproductive ability. 
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Q. Health impacts of water pollution 

-Water-borne diseases are infectious 
diseases spread primarily through 
contaminated water. Hepatitis, cholera, 
dysentery, and typhoid are the more 
common water-borne diseases that 
affect large populations in the tropical 
regions. Exposure to polluted water can 
cause diarrhea, skin irritation, 
respiratory problems, and other 
diseases, depending on the pollutant 
that is in the water body. Stagnant water 
and other untreated water provide a 
habitat for the mosquito and a host of 
other parasites and insects that cause a 
large number of diseases especially in 
the tropical regions. 

Q. Water Conservation 

-Over the years rising population, 
growing industrialization and 
expanding agriculture have pushed up 
the demand for water. So conservation 
of water has become the need of the day. 
Rainwater harvesting essentially means 
collecting rainwater on the roofs of 
building and storing it underground for 
later use. It is essential to improve 
groundwater decline and groundwater 
levels, arrest seawater ingress, i.e. 
prevent the sea from moving further 
land ward, and conserve surface water 
run-off during the rainy season and 
urban wastewater. 

What can you do to conserve water ? 

❖ Verify that your home is leak-free. 



Use only as much water as you 
require. 

Close the taps well after use. 

While brushing your teeth do not 

leave the tap running, open it only 

when you require it. 

Take a short shower instead of a 

bath. 

Use a washing machine that does 
not consume too much water. 
Do not leave the taps running 
while washing dishes and clothes. 
Never put water down the drain 
when there may be another use for 
it such as watering a plant or 
garden, or cleaning. 
Water in which the vegetables and 
fruits have been washed can be 
used to water the flowers and 
ornamental potted plants. 
At the end of the day if you have 
water left in your water bottle do 
not throw it away, pour it over 
some plants 

Don't leave a water hose running. 
Don't throw trash in ponds, rivers 
or the ocean. 

^(Compiled by : Sanjay Saxena) 
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GROUNDWATER IN RAJASTHAN 

SCENARIO, PROBLEMS AND REMEDIAL MEASURES 




L.N. Mathur 

With rapid 
increase in 
population and 
water demand, 
Rajasthan State 
is heading 
towards absolute 
water scarcity. 
Owing to the 
enhanced aridity, 
surface water 
availability is scarce (low rainfall along 
with higher rate of 
evaporation/evapotranspiration losses) 
and is less dependable (erratic rains in 
time and space). 

Low soil moisture, lack of 
perennial rivers/no drainage in major 
Thar desert area further deteriorates the 
situation. Frequent incidence of 
meteorological/agriculture drought 
spells (due to geographic location) 
makes the situation still worst. 
Groundwater levels in larger parts of 
Western Rajasthan are deep and saline. 
Since green revolution, intensive 
groundwater based irrigation practices 
have developed depleting trend of 
resources causing groundwater drought 



situation in the larger parts of the State. 
Development of no water scenario 
(both surface and groundwater) in the 
decades to come will be the most serious 
issue of concern for the future 
generations in the State. Low storage 
capacity in hard rock areas, deep 
groundwater levels (due to deep 
basement & less recharge to 
groundwater) and limited availability of 
fresh groundwater resources (inferior 
quality due to high salinity and fluoride 
contents because of enhanced aridity) 
are natural causes of freshwater 
deficiency in the State. Anthropogenic 
reasons include diminishing 
groundwater resources thereby 
declining trend in groundwater levels 
(over-exploitation of resources), water 
logging in canal command areas and 
industrial pollution etc. and are the 
main water related issues developing 
acute freshwater crisis situation in the 
State due to human interventions. 

Effective and efficient water 
management options need to 
incorporate both structural & 
nonstructural measures including water 
conservation, augmentation of this 
natural resource (especially 
groundwater assets by artificial recharge 
techniques). The regulatory steps (non 




structural measures) may include 
generating awareness among common 
people, imparting training, human 
resource development at school & 
college levels, encouraging innovative 
scientific approach (R&D work), 
development of groundwater 
sanctuaries, notification of vulnerable 
areas by Central Ground Water 
Authority, formulation & effective 
enforcement of water policies & 
groundwater Act etc. Integrated 
participatory management approach 
involving representatives from Central 
& State Government organizations, 
NGO's, industrialists, academic & 
research institutions at State, WUA at 
District and Panchayat levels may be the 
key to successful enforcement of the 
proposed management strategies. 

Introduction 

Life on our planet earth is due 
to water. Demands of water for 
domestic, irrigation as well as industrial 
sectors have increased many folds 
creating water crisis worldwide. Next 
world war will be for water. Conflicts 
will be there from street level to 
International levels. 

An arid land of Rajasthan is 
the most water deficit part on the earth. 
The largest State of India is also the 
driest State having only 1.15% of total 
water resources of the entire country. 
Catering safe drinking water to over 
5.65 crores population is a big task 
before scientists, engineers, 
administrators and policy planners. 
Availability of surface water is mainly 
restricted to canal command areas of 
India Gandhi Nahar (IGNP), Chambal 
and Mahi rivers. Groundwater is the 
dependable source in the larger area of 
the State. Depleting precious 
groundwater resources and its inferior 
quality limits the availability of 
freshwater assets. Drought stays here as 
unwanted guest almost every year. 
Water crisis is of acute nature and needs 
immediate attention of the water 
managers. 

Aravali hill range serves as 
major water divide separating western 
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Thar Desert and eastern Rajasthan. The 
State occupies a wide spectrum of 
geomorphic features of Aravalli hill 
range, Eastern plains, Vindhyan 
scarpland - Deccan plateau and western 
Thar Desert. Thar desert area is again 
divided in to Arid Thar desert 
(Marushthali), Semiarid Transitional 
Zone and Ghaggar floodplain area. 
Luni river is the only integrated 
ephemeral river system in western 
Rajasthan whereas eastern Rajasthan is 
drained by the Chambal, Yamuna - 
Ganga, Mahi (perennial) and 
ephemeral rivers of Banganga, Barah, 
Sota, Sahibi, Sabarmati, Banas etc. 
Indira Gandhi Nahar, Bhakra and Gang 
canal have been constructed to bring 
Himalayan water to the Marubhumi so 
as to create irrigation facilities and 
drinking purposes. However, lack of 
conjunctive use of surface and 
groundwater has given birth to water 
logging hazards. Rajasthan is known for 
its arid climatic conditions (particularly 
western parts) and is characterized by 
low, erratic and unevenly distributed 
rains causing frequent meteorological, 
hydrological and agricultural droughts. 

Ground Water Scenario 

The State is occupied by 
diversified geo-formations and hydro- 
geological conditions. Groundwater 
occurs in unconsolidated formations 
(Quaternaries), semi-consolidated 
formations (Tertiary sandstone, Lathi 
sandstone etc.) and consolidated rock 
types. Quaternary alluvium, Lathi 
sandstone, Palana sandstone, Borunda 
limestone and Jodhpur sandstone at 
places are some of the prominent 
aquifer systems available in the State 
and are heavily over-exploited. Water 
level is deeper in western Rajasthan 
reaching even more than 130 m as in 
Lathi basin area. Depth to water level is 
relatively shallower in eastern 
Rajasthan. Rising trends in 
groundwater levels have been observed 
in parts of IGNP canal command areas. 
Major parts of the State witness rapidly 
declining water levels. Severe water level 
declining districts include Jaipur, Sikar, 
Jhunjhunu, Nagaur, Jodhpur, Jalore, 



Increasing rate of Water level decline in time and space 



S.N 


Block 


Average 
WL 
1984 
(m) 


Average 
WL 
1996 
(m) 


Average 
WL 
2001 
(m) 


Average 

WL 

2006 

(m) 


WL 

Fluctua- 
tion 

Pre-Post 
2006 


Rate of 
WL 
decline 
84-06 

(m/yr) 


Rate of 
WL 
decline 
96-06 

(m/yr) 


Rate of 
WL 
decline 
01-06 

(m/yr) 


1 


Amer 


16.90 


18.54 


21.53 


32.51 


-0.90 


0.71 


1.4 


2.20 


2 


Bairath 


11.79 


15.68 


16.45 


23.65 


-0.98 


0.54 


0.8 


1 .44 


3 


Bassi 


11.39 


18.80 


27.79 


29.45 


-0.41 


0.82 


1.07 


0.33 


4 


CnaKsu 


9.62 


11.85 


13.58 


22.73 


1 .60 


0.60 


1.09 


1 .83 


5 


Dudu 


10.35 


13.97 


15.87 


19.98 


-0.98 


0.44 


0.60 


0.82 


6 


Govindgarh 


10.75 


16.74 


20.84 


30.41 


-0.15 


0.89 


1.37 


1 .91 


7 


J .Ramgarh 


LZ.lZ 


on no 
20 AJy 


21 .77 


1/1 

z4.jo 




U.j / 


U.4j 


U.JO 


8 


Jhotwara 


13.81 


24.86 


28.82 


41.25 


-0.83 


1.24 


1.64 


2.49 


9 


Kotputli 


10.05 


15.91 


18.24 


21.79 


-0.55 


0.53 


0.59 


0.71 


10 


Phagi 


10.03 


12.17 


13.03 


17.40 


0.21 


0.33 


0.52 


0.87 


11 


Sambhar 


11.21 


18.41 


21.74 


33.51 


1.72 


1.01 


1.51 


2.35 


12 


Sanganer 


14.58 


23.45 


28.30 


36.88 


2.24 


1.01 


1.34 


1.72 


13 


Shahpura 


16.80 


24.63 


28.56 


31.10 


-0.70 


0.65 


0.65 


0.51 



Pali, Dausa & Barmer. 

Quality of Ground Water 

Chemical quality of aquifer 
water in the W. Rajasthan, in general, 
and Bharatpur, Ajmer and Jaipur 
districts in the eastern Rajasthan, in 
parts, are saline. High fluoride hazard is 
found in pockets in almost all the 
districts of the State causing disease 
called fluorosis. However, situation in 
Nagaur, Tonk, Sirohi, Jaipur, 
Jhunjhunu, Churu, Bikaner, Jalore and 
Jodhpur is worst where more than 50 % 
area is having fluoride concentration 
above 1.5 mg/1. Increased use of 



Causes of water scarcity 

(i) Low Rainfall - Arid Climates 

The geographical location of 
the State has caused arid/ semiarid 
climatic conditions in Rajasthan. 
Rainfall is low and erratic. 
Southwesterly monsoon clouds are 
mostly moistureless especially in Thar 
desert. Surface water is under high 
evapotranspiration losses. 
Groundwater recharge is negligible in 
the western most parts of Rajasthan, 
where not only rains are scarce but also 
ground water level is usually deep. Soil 
moisture is generally very low due to 



Saline water and canal command areas. 



Net annual ground water availability - 1 03 82 mem. 

Gross annual ground water draft - 1 299 1 mem 

Ground water balance - (-) 2609 mem 

Stage of ground water development - 125 % 
Water and requirement for domestic and 

industrial sectors as on 2025 - 2720 mem 



Ground Water Resource Availability (as on 31.03.2004) 

"Increasing demand of water for various 
sectors have brought 140 blocks under over-exploited and 
50 blocks as critical category leaving behind only 14 
semi-critical and 32 safe blocks mainly in saline water 
and canal command areas. " 



fertilizers and poor sewerage system in 
the urban agglomerate has caused high 
nitrates in aquifer water as is observed in 
Jaipur city area. Industrial and urban 
pollution has further caused 
deterioration in the quality of 
groundwater. High soil and water 
salinity in the water logged areas within 
canal command areas have been 
developed causing land degradation. 
However, a freshwater layer over saline 
water has been developed in the 
immediate vicinity of IGNP canal 
command areas, which need to develop 
system of conjunctive use of surface and 
groundwater resources. 



aridity. No major drainage system exists 
in major parts of the Thar desert. Owing 
to aridity and geo-formations, 
groundwater is saline and salt lakes have 
been developed. 

(ii) Frequent Drought Conditions 

Low and uneven distribution 
of monsoon rains in Rajasthan causes 
frequent meteorological and/or 
agriculture droughts in time and space 
as witnessed especially during 1972-74, 
1984-87 and 1998-2002. Western 
districts (parts of Thar desert) are more 
prone to severe and most severe type of 
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droughts and have been categorized as 
chronically Drought Prone Districts. 
Frequent droughts not only have socio- 
economic impact but also have adverse 
environment impacts. Drought situation 
accelerates sinking of additional 
groundwater abstraction structures 
causing diminishing of groundwater 
resources and eventually decline in 
ground water levels. Water crisis is on its 
peak during these spells of drought years 
affecting millions of human population 
as well as livestock forcing them to 
migrate in the adjoining States. State has 
to divert millions of rupees all most 
every year for drought mitigation 



leaving behind no money for water 
sector developments (artificial recharge 
to groundwater etc.) 

(iii) Less availability of freshwater 

Chemical quality of 
groundwater in the western Rajasthan, 
in general, and Bharatpur, Ajmer and 
Jaipur districts in parts in the eastern 
Rajasthan saline; genesis of which 
include arid climate, geo-formations, 
inland drainage systems, clogging of the 
palaeochannels and water logging in 
canal command areas etc. Aridity & 
semi-arid climates, over pumping and 
other set of favorable physio-chemical 



conditions have also generated high 
fluoride hazard (in pockets) in almost all 
the districts of the State causing disease 
called fluorosis. Increased use of 
fertilizers and poor sewerage system 
along with poor solid waste disposal 
systems in the urban agglomerate has 
caused high nitrates in aquifer water. 
Industrial and urban pollution have 
further caused deterioration in the 
quality of ground water resources. Over- 
application of canal water (flood 
irrigation) and also the water logging 
within Canal Command Area has also 
caused soil salinity/ alkalinity and 
contributed to salinity in groundwater. 



Ground Water Resources as on 31.03.2007 



Block 


\rea oi 

Block 

Sq.Km.) 


Type ol 
Area 


Poten- 
tial 
Zone 


Poten- tial 
Zone 
Area 
(Sq.Km.) 


Net 

Annual 
Ground 
Water 
Availabilit 
y (mem) 


Existing 
Gross 
Ground 
Water Draft 
for Irrig. 
(mem) 


Existing Gross 
Ground Water 
Draft foi 
Dom.& Indus. 
Use (mem) 


Existing 
Ground 
Water Draft 
for All Uses 
(mem) 


Allocation 
for Dom.& 
Industrial 
Requirement 
As Projected 
for the Year 
2025 (mem) 


Stage of 

Ground 
Water 

Development 

(%) 


Category 


Amer 


398.64 


NC 


A 


746.46 


57.1690 


99.3551 


8.2307 


107.5858 


20.2160 


188.19 




NC 


Q 


104.02 


5.7584 


6.6073 


6.0867 


12.6940 


7.8253 


220.45 




Block Total 






850.48 


62.9273 


105.9624 


14.3175 


120.2799 


28.0413 


191.14 


O.E. 


Bairath 


706.10 


NC 


A 


588.38 


43.3962 


34.5655 


8.8122 


43.3776 


9.2748 


99.96 




NC 


Q 


75.60 


2.7601 


3.2436 


1.6032 


4.8468 


3.8263 


175.60 




Block Total 






663.98 


46.1563 


37.8091 


10.4154 


48.2245 


13.1011 


104.48 


O.E. 


Bassi 


554.69 


NC 


A 


218.85 


14.1655 


17.0586 


6.0604 


23.1190 


12.2500 


163.21 




NC 


Ao 


357.62 


25.1501 


47.5332 


3.3995 


50.9327 


8.0560 


202.51 




NC 


Q 


54.76 


1.5385 


3.4073 


1.0445 


4.4518 


2.4763 


289.35 




Block Total 






631.23 


40.8542 


67.9991 


10.5044 


78.5035 


22.7823 


192.16 


O.E. 


Chaksu 


811.92 


NC 


Ao 


552.06 


35.2286 


54.4657 


2.7771 


57.2428 


7.8200 


162.49 




NC 


Sc 


177.30 


5.9030 


9.5722 


1.5790 


11.1511 


2.6010 


188.90 




Block Total 






729.36 


41.1316 


64.0379 


4.3561 


68.3939 


10.4210 


166.28 


O.E. 


Dudu 


1870.64 


NC 


Ao 


327.26 


18.2569 


18.5569 


4.1236 


22.6805 


5.9062 


124.23 




NC 


Sc 


407.93 


18.3264 


8.3038 


2.4667 


10.7705 


3.7700 


58.77 




NC 


Gn 


1055.68 


26.4321 


17.6310 


7.9719 


25.6029 


11.5600 


96.86 




Block Total 






1790.87 


63.0154 


44.4917 


14.5622 


59.0539 


21.2362 


93.71 


Critical 


Govindgarh 685.12 


NC 


A 


638.08 


50.9257 


114.9540 


10.9342 


125.8882 


19.1600 


247.20 




Block Total 






638.08 


50.9257 


114.9540 


10.9342 


125.8882 


19.1600 


247.20 


O.E. 


L.Ramgarh 


1033.70 


NC 


A 


577.82 


34.8713 


46.3735 


3.2856 


49.6591 


4.4000 


142.41 




NC 


Ql 


96.85 


3.2801 


5.7069 


0.7225 


6.4294 


0.7400 


196.01 




NC 


Q2 


78.95 


2.6536 


4.5013 


0.2870 


4.7883 


0.5900 


180.45 




NC 


Sc 


136.01 


3.9195 


2.9254 


0.6855 


3.6109 


1.0200 


92.13 




NC 


G 


72.25 


1.8154 


1.5600 


0.2343 


1.7943 


0.5900 


98.84 




Block Total 






961.88 


46.5399 


61.0671 


5.2150 


66.2821 


7.3400 


142.42 


O.E. 


Jhotwara 568.79 


NC 


A 


553.04 


49.9523 


70.9970 


94.3808 


165.3778 


191.5900 


331.07 




Block Total 






553.04 


49.9523 


70.9970 


94.3808 


165.3778 


191.5900 


331.07 


O.E. 


Kotputli 


691.71 


NC 


A 


442.21 


47.8028 


75.7416 


8.0493 


83.7909 


13.1300 


175.28 




NC 


Q 


130.54 


4.3910 


5.6794 


1.0918 


6.7712 


1.9700 


154.21 




Block Total 






572.75 


52.1938 


81.4210 


9.1411 


90.5621 


15.1000 


173.51 


O.E. 


Phagi 


1114.34 


NC 


Ao 


396.11 


32.3141 


25.9032 


2.4005 


28.3037 


2.4100 


87.59 




NC 


Sc 


73.40 


1.9547 


1.8727 


0.3978 


2.2705 


0.4200 


116.15 




NC 


Gn 


304.00 


8.0944 


7.7449 


0.3771 


8.1220 


1.8900 


100.34 




Block Total 






773.51 


42.3632 


35.5208 


3.1754 


38.6962 


4.7200 


91.34 


Critical 


Sambher 


938.40 


NC 


A 


249.44 


19.3761 


41.7639 


4.1962 


45.9601 


5.9065 


237.20 




NC 


Ao 


582.04 


25.0082 


66.9467 


6.1455 


73.0922 


14.6768 


292.27 




Block Total 






831.48 


44.3843 


108.710 


10.3418 


119.0524 


20.5833 


268.23 


O.E. 


Sanganer 657.54 


NC 


Ao 


613.87 


41.1202 


78.7514 


21.1881 


99.9395 


36.3315 


243.04 




Block Total 






613.87 


41.1202 


78.7514 


21.1881 


99.9395 


36.3315 


243.04 


O.E. 


Shahpura ^29.85 


NC 


A 


384.14 


27.6890 


48.2402 


8.3627 


56.6029 


19.8833 


204.42 




Block Total 






384.14 


27.6890 


48.2402 


8.3627 


56.6029 


19.8833 


204.42 


O.E 


Phagi 


Saline 


Ao(S) 


340.06 


19.4435 


15.6521 


0.0000 


15.6521 


0.0000 


80.50 





(iv) Deep and Declining Water Levels 

Deep water levels especially in 
the western Rajasthan is primarily due 
to deeper basement (geo-synclinal 
deposits) and negligible natural recharge 
to groundwater due to less rains & high 
evaporation. Deeper groundwater levels 
(reaching up to 130m) do not allow 
economic pumping of water for 
irrigation and other purposes. 
Increasing draft in major areas is causing 
lowering of ground water levels 
significantly resulting in high cost of 
pumping/ well construction. 

(v) Hard rock area 

Hard rocks have poor storage 
capacity of groundwater and therefore 
witness steep decline in groundwater 
levels during summers especially during 
spells of drought years. Most of the 
wells, hand pumps and tube wells get 
dried up during prolonged droughts in 
hard rock areas. These areas are 
therefore under most water crisis and 
even drinking water is catered by 
transportation from far off locations by 
trucks and trains. 

(vi) Dispersed Population 

Population in the desert terrain 
is dispersed in helmets spreading over 
several kilometers and therefore a 
challenging task to cater water supply of 
standard quality economically. 

(vii) Undependable Energy Supply 

Inadequate quality electricity 



Water Challenges & Solution 95 



Blockwise status of groundwater quality hazards in groundwater 



S.N 


Block 


No. of villages 
with Fluoride 
contents >1 .5 ppm 


No. of villages with 
nitrate contents > 45 
ppm 


No. of villages 
with Ec > 3000 
micro-mhos /cm 


1 


Amer 


39 


91 


06 


2 


Bairath 


10 


33 


01 


3 


Bassi 


84 


78 


30 


4 


Chaksu 


185 


78 


70 


5 


Dudu 


97 


88 


94 


6 


Govindgarh 


24 


35 


01 


7 


J. Ramgarh 


32 


88 


24 


8 


Jhotwara 


29 


61 


05 


9 


Kotputli 


51 


71 


23 


10 


Phagi 


119 


93 


109 


11 


Sambhar 


125 


123 


61 


12 


Sanganer 


121 


96 


20 


13 


Shahpura 


21 


45 


07 



supplies also hinders groundwater 
pumping/piped water supply and 
hence water crisis in the State. 

MANAGEMENT STRATEGIES 

There is solution for every 
problem and so is the case with water 
crisis in the State of Rajasthan. Water 
management strategies are four fold 
comprising of: 

♦ Research and Development 

♦ Water Conservation 

♦ Augmentation of Water 
Resources 

♦ Regulatory measures 

1. Research and Development 

Water related organizations 
needs to promote research and 
development activities jointly with the 
Universities and other research 
institutions to access the availability 
of safe drinking water and to augment 
the resources by artificial recharge. R 
& D studies viz. suitable recharge 
structures in diversified 
geohydromorphic & climatic 
conditions, improved filter media in 
sandy area etc. Genesis of quality 
hazards including salinity, high 
fluoride and nitrate contents and 
industrial pollution needs to be 
studied in order to protect the ground 
water resources through various 
innovative and integrated techniques. 
Management strategies /policies in 
the State be formulated as per findings 
of such scientific studies. 



2. Conservation of Water 

To save water amounts to 
produce water in that area. 
Conservation of water is of paramount 
importance and need of the hour. 
Policy of reward and punishment 
needs to be introduced. Financial 
incentives in terms of electricity bills 
etc. may be introduced for water savers 
and heavy water tariff and other 
punishment for those who waste this 
precious resource. 

2.1 Irrigation sector- The largest 
water consumer 

Sprinkler and drip system of 
irrigation should be promoted and 
made mandatory in phased manner, 
wherever feasible. This is needed in 
canal command areas also so as to 
minimize return seepage from 
irrigation and thereby water logged 
problem. 

♦ Metering system over wells / tube 
wells may be initiated. Water 
charges may be framed as per slabs 
of quantum of water pumped. 

♦ Low water requirement crop needs 
to be promoted at suitable places 
and markets should be developed 
accordingly. 

♦ Salt tolerant crops in saline water 
areas especially in coarse textured 
soil. 

♦ Community system of irrigation 
especially in deep water levels 
areas for 



♦ Conjunctive use of canal and 
ground water to avoid land 
degradation by water 
logging/ alkalinity. 

2.2 Domestic sector 

♦ Reuse of domestic wastewater for 
gardening. 

♦ Bathing just with a bucket of water 
instead of using fountain / 
Bathtub, which can save water to 
the tube of 100 litres per day per 
person 

♦ Using value system in toilets rather 
than flushing tanks that can save 
about 10 litres of water per person 
per trip 

♦ Making use of just l A a It. container 
for saving instead of flowing water 
from taps. Thus, conserving water 
to the tune of about 4-5 litres per 
shave. 

♦ Small container may be used for 
brushing teeth in place of using 
taps. 

♦ Don't waste water from taps for 
washing clothes. A bucket water 
may be sufficient for such washing. 

♦ Leakage's from pipelines for water 
supply to urban / rural areas be 
checked properly by the concerned 
organization / societies. 

♦ Supply of inferior quality of water 
for purposes other than drinking. 

♦ Blending of low standard water 
with fresh water for drinking water 
supplies, wherever possible. 

♦ Construction of hand pumps may 
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be further encouraged. Ground 
water 

♦ exploitation by hand pump saves 
water. 

♦ Rehabilitation of traditional 
ground water harvesting structures. 

♦ Promote rainwater storage tanks / 
tankas. 

♦ Desalination / defluoridation of 
water for drinking water supply. 

2.3 Industrial sector 

♦ Treatment of industrial effluents so 
as to check pollution of fresh 
ground water resources. 

♦ Recycling of industrial wastewater. 

♦ Use of treated industrial and other 
gray wastewater for irrigation, 
recharge to groundwater and also 
recycling for domestic purposes. 

3 .Augmentation of Water 
Resources 

1. Rehabilitation of old rainwater 
storage structures like Ponds, 
Bawries, Dug wells and tankas 
etc. Desilting of ponds and other 
surface water bodies. 

2. Minimizing evaporation losses of 
surface water by using suitable 

techniques/ chemicals. 



3. Artificial recharge to 
groundwater 

A massive 
programme needs to be 
taken up for artificial 
recharge to ground water 
using suitable techniques 
like roof top rainwater 
harvesting, constructing 
check dams across streams 
/ rivers and nallas etc. 
Watershed development 
and management projects 
are also to be taken up 
especially in hard rock 
terrain. Water is a finite 
resource. We cannot afford 
to misuse it any more 
particularly in drought 
prone arid zones such as 
Rajasthan. Storage of 
rainwater within the earth 
by artificial recharge to 
groundwater on large scale 
needs to be initiated 
specially to avoid 
evapotranspiration losses & to 
minimize risk of pollution. The 
additional availability of groundwater 
resources may be retrieved at any point 
of time and space and hence drought 
proofing of permanent nature in the 
State. 

4. REGULATORY MEASURES 

♦ Creation of Ground Water 
Sanctuaries 

With the objectives of efficient water 
management, fresh groundwater 
potential areas may be declared as 
"Ground Water Sanctuaries" in the 
areas where significant decline in water 
levels may or may not be there but such 
aquifers are crucial for drinking water 
supply. Potential groundwater areas like 
Lathi basin area are required to be 
declared as "Ground Water 
Sanctuaries". 

♦ Mass Awareness and Training 
Programme 

In addition to the institutional 
efforts, sustainable development and 
management of water resources needs 
motivation and mobilization of 
community and peoples participation 



so as to bring attitudinal charges as 
regards conservation and augmentation 
of the precious mineral called water. 
Organizing Mass awareness 
Programms, electronic and press media 
and arranging training programmes 
have been proved as meaningful ways 
and means to educate the masses at 
grass root level. 

♦ Notification of the Area 

With the direction of Hon'ble 
Supreme Court of India, Ministry of 
Forest and Environment has 
constituted "Central Ground Water 
Authority" (CGWA) under 
"Environment (Protection) Act 1986". 
Enforcement of effective regulation and 
management options of ground water 
resources may be undertaken after 
Notification of the vulnerable areas by 
the CGWA. Constitution of State 
Ground Water and District Ground 
Water Authorities for effective 
enforcement of the proposed 
management options of the CGWA is 
need of the hour. CGWA has already 
notified 12 blocks/areas for control and 
regulation of groundwater resources in 
Rajasthan State. 

♦ Participatory management 

Water resource management with 
cohesive participatory approach of 
various agencies has attained 
paramount importance because of 
perennial requirement of water for 
sustaining the life on the planet earth. 
The effective water management calls 
for defining role and responsibility of 
the water manager partners including 
policy planners, Central and State 
organizations, Non Government 
Organizations (NGO's), Voluntary 
Organizations (VO's), Universities- 
Research Institutes, Public 
Representatives, Industries, Common 
people etc. Constitution of Water- 
Sanitation Committee (WATSON) / 
Water User Association (WUA) at 
village, city and colony level 
incorporating scientists, engineers, 
administrators, doctors, academicians 
etc. may be a boon for efficient water - 
sanitation management for catering 

safe water. ■ 

*(Author is Scientist in Central 
Ground Water Board, Jaipur) 
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GROUND WATER SCENARIO OF JAIPUR 



■ L.N. Mathur 

Jaipur district with 
geographical area of 11,061.44 sq. km 
forms east-central part of the State 
extending between north latitudes 26° 
25' & 27° 5 l f and east longitudes 74° 55' 
& 76° 15'. Jaipur, the capital city is also 
popularly known as Pink city and is 
situated towards central part of the 
district. According to 2001 census, total 
population of Jaipur district was 
52,52,338 . The semi-arid district 
receives normal annual rainfall of 
527mm (1901-71) while average 
annual rainfall for the lat 30 years 
(1977-2006) is 565mm. Over 90% of 
total annual rainfall is received during 
monsoon. Total annual Potential 
evapotraspiration is 1744mm. Though, 
Jaipur city has experienced floods in 
1981, the district area is prone to 
drought spells as witnessed from 1984 
to 1989 and 1999 to 2002. District is 
characterized by landscapes including 
hillocks, pediments, undulating fluvial 
plains, aeolian dune fields, ravines, 
palaeo-channels etc. Structural hills 
mainly in north and NE parts trends 
NNE-SSW are mainly composed of 
Delhi Quartzite. The district area is 
drained by ephemeral rivers Sabi, 
Banganga, Bandi, Mendha, Mashi, 
Sota and their tributaries. 

2. Ground Water Scenario 
2.1 Hydrogeology 

Gneisses and schists of Bhilwara Super 
Group are the oldest rock types overlain 
by quartzites, schists, conglomerates, 
dolomitic limestone etc. belonging to 
Alwar & Ajabgarh Groups of Delhi 
Super Group along with granite, 
pegmatite & amphibolite intrusives of 
Post Delhi age. A hard rock in major 
parts of the district is covered by 
Quaternary fluvial & aeolian deposits 
mainly composing of sand, silt, clay, 
gravel & kankars. Alluvial thickness is 



less in southern & SW parts of the district 
i.e. in Naraina, Sakun, Dudu, 
Mozamabad, Phagi, Chaksu area etc. 
Alluvial thickness between 90 & 100m 
has been observed at Chomu, Jairampura, 
Nangal Bharra, Dhaunata area where its 



Bajaj Nagar (Jaipur city) and Shahpura, 
Dhanauta, Nayan, Kalyanpur, Mohana 
and Chandalai. Hard rocks of Bhilwara 
Super Group forms main aquifers in 
Southern and South western parts of the 
district in Dudu, Phagi and Chaksu 



S.N 


Block 


Average 
WL 
1984 
(m) 


Average 
WL 
1996 
(m) 


Average 
WL 
2001 
(m) 


Average 

WL 

2006 

(m) 


WL 

Fluctua- 
tion 

Pre-Post 
2006 


Rate of 
WL 
decline 
84-06 

(m/yr) 


Rate of 
WL 
decline 
96-06 

(m/yr) 


Rate of 
WL 
decline 
01-06 

(m/yr) 


1 


Amer 


16.90 


18.54 


21.53 


32.51 


-0.90 


0.71 


1.4 


2.20 


2 


Bairath 


11.79 


15.68 


16.45 


23.65 


-0.98 


0.54 


0.8 


1.44 


3 


Bassi 


11.39 


18.80 


27.79 


29.45 


-0.41 


0.82 


1.07 


0.33 


4 


Chaksu 


9.62 


11.85 


13.58 


22.73 


1.60 


0.60 


1.09 


1.83 


5 


Dudu 


10.35 


13.97 


15.87 


19.98 


-0.98 


0.44 


0.60 


0.82 


6 


Govindgarh 


10.75 


16.74 


20.84 


30.41 


-0.15 


0.89 


1.37 


1.91 


7 


J.Ramgarh 


12.12 


20.09 


21.77 


24.58 


0.93 


0.57 


0.45 


0.56 


8 


Jhotwara 


13.81 


24.86 


28.82 


41.25 


-0.83 


1.24 


1.64 


2.49 


9 


Kotputli 


10.05 


15.91 


18.24 


21.79 


-0.55 


0.53 


0.59 


0.71 


10 


Phagi 


10.03 


12.17 


13.03 


17.40 


0.21 


0.33 


0.52 


0.87 


11 


Sambhar 


11.21 


18.41 


21.74 


33.51 


1.72 


1.01 


1.51 


2.35 


12 


Sanganer 


14.58 


23.45 


28.30 


36.88 


2.24 


1.01 


1.34 


1.72 


13 


Shahpura 


16.80 


24.63 


28.56 


31.10 


-0.70 


0.65 


0.65 


0.51 



Blockwise status of groundwater quality hazards in groundwater 



S.N 


Block 


No. of villages 


No. of villages with 


No. of villages 






with Fluoride 


nitrate contents >45 


with Ec ^3000 






contents >L5 ppm 


ppm 


micro-mhos/cm 


1 


Amer 


39 


91 


06 


2 


Bairath 


10 


33 


01 


3 


Bassi 


84 


78 


30 


4 


Chaksu 


185 


78 


70 


5 


Dudu 


97 


88 


94 


6 


Govindgarh 


24 


35 


01 


7 


J. Ramgarh 


32 


88 


24 


8 


Jhotwara 


29 


61 


05 


9 


Kotputli 


51 


71 


23 


10 


Phagi 


119 


93 


109 


11 


Sambhar 


125 


123 


61 


12 


Sanganer 


121 


96 


20 


13 


Shahpura 


21 


45 


07 



thickness over 100m has been found at 
Risani village (104m). Groundwater in 
the district occurs both in unconsolidated 
Quaternary formations and consolidated 
formations of Bhilwara & Delhi Super 
Groups and also Post Delhi Granites. In 
greater parts of the district, alluvial 
deposits mainly fine sand & silt serve as 
potential aquifers in addition to gravel 
deposits as found at Sanganer, Ambabari, 



blocks comprising of granulitic gneisses, 
quart mica schist, phyllites along with 
granite & pegmatite intrusive. Similarly, 
quartzite, schist & phyllites of Delhi 
Super Group forms aquifers in Jamwa 
Ramgarh, Bairath, Kotputli, Shahpura, 
Amer and Bassi blocks. Movement of 
groundwater in these hard rocks is 
controlled by size, continuity and 
interconnectivity of weathered and 
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fracturing and other secondary porosities. 
Depth to water levels in the district ranges 
from minimum of 10.30 at Sewa in Dudu 
district to deepest at 70.20m at Chomu in 
Govindgarh block. Depth to water level 
in most parts of northern block areas (i.e. 
parts of Shahpura, Kotputli, Bairath), 
eastern parts in Jamwa Ramgarh block 
and southern parts (parts of Chaksu, 
Phagi, Dudu & Sambhar) is less than 25m. 
In larger Central parts of the district have 
more than 25m water levels and even over 
50m in parts of Jhotwara/Amer block in 
Bindayaka area, Devliya area in northern 
Sambhar block and in Chomu area of 
Govindgarh block. Over-exploitation of 
groundwater resources have set declining 
trend in water levels. Even average 
Premonsoon-Postmonsoon water levels 
show decline in most of the blocks 
indicating significant withdrawal as 
compared to natural recharge to 
groundwater. 

2.2 Ground Water Quality 

Quality of groundwater is good 
for drinking and irrigation in major parts. 
In larger parts Electrical conductance is 
less than 3000 micro-mhos/cm. However, 
high salinity in groundwater has been 
observed in pats of Jamwa Ramgarh, 
Bassi, Phagi, Dudu and Sambhar blocks. 
High fluoride contents have been found in 
parts of Sanganer, Sambhar, Dudu, 
Chaksu, Phagi blocks. 

2.4 Status of Ground Water 
Development (See-Table) 

Ground water development was 
mainly done earlier by dug wells. With the 
declining of water levels, deepening of 
these dug wells has taken place (DCB) or 
is replaced by tube wells. 



Jaipur Urban Area 

Requirement for water resources 
has been rising in the urban agglomerates 
due to population explosion and growth in 
commercial activities along with social 
needs and comfort resulting in crumbling 
of existing systems of water supply and 
sanitation. This rapacious exploitation of 
water is bound to end up in no water 
situation and an ecological crisis, if the 
required preventive measures are not 



23 Ground Water Resources as on 31 



03.2007 



Block t 
I 

( 


Vrea of 

Mock 

Sq.Km.) 


Type of 
Area 


Poten- 
tial 
Zone 


Poten- tial 
Zone 
Area 
(Sqlm.) 


Net 

Annual 
Ground 
Water 
Availabilit 
y (mem) 


Existing 
Gross 
Ground 
Water Draft 
for Irrig. 
(mem) 


Existing Gross 
Ground Water 
Draft for 
Dom.& Indus. 
Use (mem) 


Existing 
Ground 
Water Draft 
for All Uses 
(mem) 


Allocation 
for Dom.& 
Industrial 
Requirement 
As Projected 
for the Year 
2025 (mem) 


Stage of 

Ground 
Water 

Development 

IC1\ 

(%) 


Category 


Amer I 


598.64 


NC 


A 


746.46 


57.1690 


99.3551 


8.2307 


107.5858 


1A 1 1 f(\ 

20.2160 


188.19 




\Tr< 

NC 


Q 


\(\A AO 

104.02 


C 1ZOA 

5 .7584 


c cr\io 

6.6073 


c c\oci 

6.0867 


11 CC\AC\ 

12.6940 


1 010 

7.8253 


^A AZ 

220.45 




Block Total 






850.48 


62.9273 


105.9624 


14.3175 


120.2799 


28.0413 


191.14 


0£. 


Bairath 


'06.10 


NC 


A 


588.38 


43.3962 


34.5655 


8.8122 


43.3776 


9.2748 


99.96 




NC 


Q 


75.60 


2.7601 


3.2436 


1.6032 


4.8468 


3.8263 


175.60 




Block Total 






663.98 


46.1563 


37.8091 


10.4154 


48.2245 


13.1011 


104.48 


OE. 


Bassi I 


354.69 


NC 


A 


218.85 


14.1655 


17.0586 


6.0604 


23.1190 


12.2500 


163.21 




NC 


Ao 


357.62 


25.1501 


An r^^^ 

47.5332 


3.3995 


50.9327 


8.0560 


202.51 




NC 


Q 


CA 1C 

54.76 


1 ooc 

1.5385 


3.4073 


1 C\A A Z 

1.0445 


A AC\ O 

4.4518 


1 A1C) 

2.4763 


^OA 

289.35 




Block Total 






631.23 


40.8542 


rm AAA1 

67.9991 


10.5044 


78.5035 


22.7823 


192.16 


OE. 


Chaksu 


311.92 


NC 


Ao 


CCO A/2 

552.06 


HOC 

35.2286 


ZA ACZ1 

54.4657 


o m\ 

2.7771 


CI 1/110 

57.2428 


1 01AA 

7.8200 


1 /21 Ad 

162.49 




NC 


be 


Ml 1f\ 

177.30 


r ftftOft 

5.9030 


ft C700 

9.5722 


1 C7AA 

1.5790 


11 1 C1 1 

11.1511 


1 ^fti ft 
2.6010 


1 00 ftft 
1 00.90 




Block Total 






T)ft 1C 

729 Jo 


A 1 1 0 1 £ 

41.1310 


c\ nonn 

04.0379 


4.3561 


CO OftOft 

60.3939 


1ft /101ft 

10.4210 


1 c.c 00 

166.28 


OE. 


Dudu 


1870.64 


Mr 

JNL 


An 

AO 


397 ik 

jZ / .ZD 


I0.ZJO7 


1P. 

10JJ07 


A 1936 
4.1ZJ0 


ZZ.OoUj 


J.7U0Z 


194 93 
IZ4.Zj 




Mr 


oC 


4U / .7 j 


1 Q 71£A 
10JZ04 


C 3fi3Q 

oJloo 


Z.400/ 


IU.//ID 


3 11(\(\ 
D.I /UU 


11 

JO.// 




NC 


un 


1 ACC CQ 

105 5. oo 


r\C AH\ 

26.4321 


1 1 £0 1 A 

17.6310 


i c\i\c\ 

7.9719 


1C /Tftlft 

25.6029 


1 1 CC(\C\ 

11.5600 


C\C oc 

96.86 




Block Total 






1790.87 


63.0154 


44.4917 


14.5622 


59.0539 


21.2362 


93.71 


Critical 


Govindgarh 


685.12 


NC 


A 


638.08 


50.9257 


114.9540 


10.9342 


125.8882 


19.1600 


247.20 




Block Total 






638.08 


50.9257 


114.9540 


10.9342 


125.8882 


19.1600 


247.20 


OE. 


J.. Ramgarh 


1033.70 


NC 


A 


577.82 


34.8713 


46.3735 


3.2856 


49.6591 


4.4000 


142.41 




NC 


Qi 


96.85 


3.2801 


5.7069 


0.7225 


6.4294 


0.7400 


196.01 




NC 


Q2 


78.95 


2.6536 


4.5013 


0.2870 


4.7883 


0.5900 


180.45 




NC 


be 


1 1C ft1 

136.01 


i nine 
3.9195 


T ft.OC/1 

2.9254 


ft CQZZ 

0.6855 


0 ^iftft 
3.6109 


1 rnftft 
1.0200 


(Y) 10 

92.13 




NC 


G 


T> OC 

72.25 


1.8154 


1 CCf\f\ 

1.5600 


0.2343 


1.7943 


A CAAA 

0.5900 


AO OA 

98.84 




Block Total 






Q61 88 

701.00 


46 S3QQ 

tO.JJ77 


Ul.UO/ 1 




OO.ZOZ1 


7 3400 

/ . J4UU 


149 49 


OF 


Jhotwara 


568.79 


MP 


A 

n. 


SS3 04 

JJJ.U4 


4Q QS93 


70 QQ70 

/U.77/U 


Q4 3R0R 

74JOUO 


16S 3778 
lOJ.J / / 0 


1Q1 SQOO 


331 07 




Block Total 






JJJ.U4 


4Q CK93 

47.7 jZj 


70 QQ70 

/U.77/U 


Q4 3808 
74J0U0 


16^ 3778 
IOj.j / 10 


1Q1 SQOO 


331 07 


OF 

UJL. 


Kotputli 


691.71 


NC 


A 


442.21 


47.8028 


75.7416 


8.0493 


83.7909 


13.1300 


175.28 




NC 


Q 


130.54 


4.3910 


5.6794 


1.0918 


6.7712 


1.9700 


154.21 




Block Tota 


1 






572.75 


52.1938 


81.4210 


9.1411 


90.5621 


15.1000 


173.51 


OE. 


Phagi 
Shahpura 


1114.34 
^29.85 


NC 


Ao 


396.11 


32.3141 


25.9032 


2.4005 


28.3037 


2.4100 


87.59 




NC 
NC 


Sc 
A 


73.40 
384.14 


1.9547 
27.6890 


1.8727 
48.2402 


0.3978 
8.3627 


2.2705 
56.6029 


0.4200 
19.8833 


116.15 
204.42 




Block Total 






384.14 


27.6890 


48.2402 


8.3627 


56.6029 


19.8833 


204.42 


OE. 


Phagi 




Saline 


Ao(S) 


340.06 


19.4435 


15.6521 


0.0000 


15.6521 


0.0000 


80.50 




Total o 
District 
(Excludin| 
saline) 


fll061.4 

j 


NC 






60Q 251 
2 




216 8946 




41(1 2400 


1X6 60 




Total o 

Saline 

zones 


f 


SAL 




340.06 


19.4435 


15.6521 


0.0000 


15.6521 


0.0000 


80.50 
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taken up in time. In Jaipur urban 
agglomerate, surface water resources like 
Ramgarh Lake are generally empty and 
groundwater contributes over 95% of 
water supply. Present aerial dimensions of 
the urban area lies between north latitudes 
26 o 47'-27 o 02' and east longitudes 75°36'- 
75°55' located almost in the centre of the 
district and cover an area of about 470 
km 2 . With the increase in rate of 
urbanization, population of the city has 
also increased many folds i.e. about 16 
times during the period 1931-2006. The 
urban agglomerate is occupied by 
landforms including sandy-plains, hills 
and intermountain valleys, pediments etc. 
Streamlet originating from Nahargarh 
hills namely Amanishah Nalla 
(ephemeral) flows southerly up to 
Sanganer area where it takes easterly flow 
direction. Surface water in extreme 
western part of the urban area flows in 
westerly direction and discharges through 
Bandi river. Average annual rainfall 640 
mm. Rate of potential evapotranspiration 
is high. 

Rocks of Bhilwara Super Group 
comprising mainly of gneisses and schists 
(Archaean age) are overlain by quartzite 
with inter-bedded phyllite and schist 
sequence of Alwar Group (Delhi Super 
Group) mostly covered under Quaternary 
deposits in major parts of the urban area. 
The unconsolidated fluvial and aeolian 
sediments are mainly composed of sand, 
silt, gravel and clay with kankar. Porous 
and permeable unconsolidated formations 
permit horizontal and vertical spread of 
nitrate and fluoride pollution. 
Unconsolidated Quaternary formations 
form the principal aquifer system 
saturated thickness of which varies 
considerably. Depth to water level varies 
from 1 lm to 50m. Depth to water level in 
the central part of the area covering walled 
city, Amer, Jal Mahal is shallower i.e. 
below 20m and forms a mound. Shallower 
groundwater level in walled city areas 
especially during ancient times coupled 
with lack of proper sewerage system 
might have facilitated rapid nitrate 
pollution. The groundwater flow is 
southerly. Hydro-chemical studies reveal 
that electrical conductivity of 
groundwater is generally less than 3000 
micro-mhos/cm at 25° C in major parts of 
the urban area except parts of walled city 
where it is brackish, groundwater is of 



Irrigation & domestic draft by various types of abstraction structures 



SJNT 


Block 


Potent 

-ial 
Zone 


Mode of lift 


Irrigation draft 


Domestic draft 


Total 

block 
(7+10) 










No -of 
Wells 


Average 
Yield (m 3 d) 


Draft 
(mem) 


No .of 
Wells 


Average 

Yield 

(m 3 d) 


Draft 
(mem) 




1 


AMER 


A 


DW /DCB With Pumps 


7331 — 


71/7 


63.0759 


541 




1 " 9747 










DW /DCB Without Pumps 








619 


2^1 


0-4745 










Tube well 








198 




5-7816 


71.3066 






Q 


DW /DCB With Pumps 


2527 — 


40 


12.1296 


1002 


— 


3.6573 










DW /DCB Without Pumps 








1360 


— 

2100 


1 0424 










Tube well 










25000 


13870 


18.2163 


2 


BAIRATH 


A 


DW /DCB With Pumps 


3084 — 


934- 


34.5655 






5-5568 










DW /DCB Without Pumps 








347 





0-2660 










Tube well 








63 


130 


2-9894 


43.3776 






Q 


DW /DCB With Pumps 


515 


55 


33990 


38 




3-7629 










DW /DCB Without Pumps 








44 


2^1 


3-0337 










Tube well 








26 


85 


0-8067 


5 .0022 


3 


BASSI 


A 


DW /DCB With Pumps 


2187 — 


65 


17.0586 


117 


80 


3-4164 










DW /DCB Without Pumps 








359 


2100 


0-2752 










Tube well 










1 10000 


23689 


23.1190 






Ao 


DW /DCB With Pumps 


7043 — 


65 


54.9354 


83 




1 9692 










DW /DCB Without Pumps 








247 


2.1 


0.1893 










Tube well 








34 


100 


1 .2410 


58.3349 






Q 


DW /DCB With Pumps 


827 


52.5 


5.2101 


28 


52.5 


0.5366 










DW /DCB Without Pumps 








96 


2.1 


0.0736 


















14 


85 


0.4344 


6.2546 


4 


CHAKSU 


Ao 


DW /DCB With Pumps 


6163 


70 


51 .7692 


80 


70 


2.0440 










DW /DCB Without Pumps 








185 


2.1 


0.1418 










Tube well 










90 


0-5913 


54.5463 






Sc 


DW /DCB With Pumps 


1534 


52 


9.5722 


53 


52 


1 .0059 










DW /DCB Without Pumps 








69 


2.1 


0.0529 










Tube well 








19 


75 


0.5201 


11.1511 


5 


DUDU 


Ao 


DW /DCB With Pumps 


2713 — 


57 


18.5569 


129 


57 


2.6838 










DW /DCB Without Pumps 








164 




0-1257 










Tube well 










100 


1-3140 


22.6805 






Sc 


DW /DCB With Pumps 


1821 — 




83038 


— 

126 




1 7476 










DW /DCB Without Pumps 




— 




331 


2^1 


3-2537 










Tube well 














10.7705 






Gn 


DW /DCB With Pumps 


3265 — 




17.6310 




389 


— 




6-3893 










DW /DCB Without Pumps 




— 




529 


2^1 


0-4055 










Tube well 












1-1771 


25.6029 


6 


GOVINDGARH 


A 


DW /DCB With Pumps 


10948 


87.5 


1 14.9540 


— 

160 


— 

87.5 


5.1 100 










DW /DCB Without Pumps 








227 




0-1740 










Tube well 








129 


120 


5-6502 


125.8882 


7 


J .RAMGARH 


A 


DW /DCB With Pumps 


3189 


85 


32.5278 


47 




1-4582 










DW /DCB Without Pumps 








327 


2^1 


0-2506 










Tube well 










120 


1-5768 


35.8134 






Q 


DW /DCB With Pumps 


1171 — 




63234 


19 




3-3121 










DW /DCB Without Pumps 




— 






2^1 


3-0491 










Tube well 








11 


90 


0-3614 


7.0459 






Q2 


DW /DCB With Pumps 


1098 


45 


5-9292 




45 


0.1 150 










DW /DCB Without Pumps 












3-0261 










Tube well 








— 




3-1460 


6.2162 






Sc 


DW /DCB With Pumps 


1065 — 




5 75 10 


14 


— 


3-2300 










DW /DCB Without Pumps 




— 




61 


2^1 


0-0468 










Tube well 










80 


D.4088 


6.4365 






G 


DW /DCB With Pumps 


325 


40 


1 - 5600 


8^ 




3-1168 










DW /DCB Without Pumps 










21 


3-0153 










Tube well 








4^ 


70 


0-1022 


1 .7943 


8 


IHOTWARA 


A 


DW /DCB With Pumps 


6131 


96.5 


70.9970 


4060 




14.8190 










DW /DCB Without Pumps 








2156 


— 


1 6526 










Tube well 










— 

150 


77.9093 


165.3778 


9 


KOTPUTLI 


A 


DW /DCB With Pumps 


6644 — 




75.7416 


134^ 




4-6465 










DW /DCB Without Pumps 




— 




230 


2^ 


0.1763 










Tube well 








68 


130 


3-2266 


83.7909 






Q 


DW /DCB With Pumps 


2111 — 


40 


10.1328 


45 




3-6570 










DW /DCB Without Pumps 








72 


21 


3-0552 










Tube well 










80 


0-3796 


1 1 .2246 


10 


PHAGI 


Ao 


DW /DCB With Pumps 


2135 


60 


15.3720 


— 

80 


60 


1 .7520 










DW /DCB Without Pumps 








96 


2.1 


0.0736 










Tube well 








15 


105 


0.5749 


17.7725 






Sc 


DW /DCB With Pumps 


503 


43.5 


2.6257 


17 


43.5 


0.2699 










DW /DCB Without Pumps 








24 


2.1 


0.0184 










Tube well 








4 


75 


0.1095 


3.0235 






Gn 


DW /DCB With Pumps 


2569 


43.4 


13.3794 


15 


43.4 


0.2376 










DW /DCB Without Pumps 








82 


2.1 


0.0629 










Tube well 








3 


70 


0.0767 


13.7565 


1 1 


SAMBHER 


A 


DW /DCB With Pumps 


5062 


69.5 


42.2171 


298 


10 


1 .0877 










DW /DCB Without Pumps 








665 


2.1 


0.5097 










Tube well 








89 


80 


2.5988 


46.4133 






Ao 


DW /DCB With Pumps 


9952 


69.5 


82.9997 


861 


10 


3.1427 










DW /DCB Without Pumps 








651 


2.1 


0.4990 










Tube well 








98 


70 


2.5039 


89.1452 


12 


SANGANER 


Ao 


DW /DCB With Pumps 


9321 


81.3 


90.9357 


1689 


10 


6.1649 










DW /DCB Without Pumps 








1557 


2.1 


1.1934 










Tube well 








421 


90 


13.8299 


112.1238 


13 


SHAHPURA 


A 


DW /DCB With Pumps 


5712 


70 


47.9808 


59 


95 


2.0458 










DW /DCB Without Pumps 








565 


2.1 


0.4331 










Tube well 








124 


130 


5.8838 


56.3435 



A- Alluvium AO-Older alluvium Q-Quartzite Gn -Gneiss Sc -Schist G-Granite 
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Depth to water level and il 


:s rate of decline 


SJ> 


Location 


Depth to 
Water level 
(m) 


Rate of 

WL 

decline 

(m/year) 


S 

M 

IN 


Location 


Depth to 
Water level 
(m) 


Rate of 

11 7T 

decline 

(m/year) 






2001 


2006 








2001 


2006 




1 


Durgapura 


24.11 


35.48 


2.27 


5 


Sirsi 


42.98 


55.51 


2.51 


2 


Jhotwara 


45.90 


55.62 


1.94 


6 


Surya Nagar 


17.46 


21.72 


0.85 


3 


MES 


38.77 


55.22 


3.29 


7 


Sukhpuria 


23.02 


27.10 


0.82 


4 


Mansarovar 


25.25 


38.01 


2.55 


8 


Watika 


24.08 


36.58 


2.52 



Ca-Mg CI S0 4 N0 3 type, nitrate being 
the predominant ion and permanent 
hardness. In sub extreme urban areas it is 
generally of Na-HC0 3 type without any 
hardness. In remaining areas of urban 
agglomerate, groundwater is of mixed 
type with Ca-Mg-HC0 3 being the 
predominant ions. High levels of 
fluoride contents in ground water (> 1 .5 
ppm) is mainly geogenic and partly 
pollution from dyeing and printing 
industries spreading through 
Amanishah and other nalas, canals, 
return irrigation seepage etc in Sanganer 
block area. High nitrate in groundwater 



has been recorded in the Jaipur city, 
particularly within the walled city and 
adjoining colonies including Jal Mahal 
Lake area, Gaitor and Kala Hanuman Ji 
Mandir area C-scheme, Bani Park, Civil 
lines, Jyoti Nagar, Adarsh Nagar, Tilak 
Nagar, southern part of Shastri Nagar and 
Sikar house etc. 

Annual groundwater recharge in 
the urban area is about 35.6 Million Cubic 
Metre (MCM)/Year whereas total draft 
for all purposes is of the tune of 100 
MCM/year with over exploitation/over 
draft of about 64.4 MCM/year (stage of 



groundwater development of 280.90%). 
Static groundwater resources have been 
estimated for Jaipur urban area of the tune 
of 400MCM. Over exploitation of 
groundwater with even present pace may 
lead to complete drying up of alluvium 
aquifers within 6 years, if the necessary 
remedial measures are not initiated on 
urgent basis 



*(Author is Scientist in Central 
Ground Water Board, Jaipur) 
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Drinking Water Status in Rajasthan 



Ratan Singh 




Rajasthan is the largest state of the country covering a geographical are of 3.42 lac sq. km, which is about 
10% of the country's area. A number of 56.5 million people inhabit 222 town and 37889 villages of the state. A 
comparison of important parameters and state's surface water resource with that of country's total is given 
below: 



Particulars 


%Compared to Country 


Rajasthan 


Largest State of the Country 


Area 


10 


Human Population 


5.5 


Animal Population 


18.70 


Irrigated Area 


13.88 


Food Grain Production 


6.55 


Surface Water Source 


1.16 



Ground Water Source: 

Most of the drinking water schemes, about 94%, are based on groundwater sources. But, share of drinking water in total 
drawn groundwater is only 10%, while remaining 90% is being used for irrigation of crops. As a result of over exploitation, 
water level is declining in 30 out of 32 districts kof the state ranging from (-)0.22 to (-) 10.55 metre from the year 1998 to 2004. 
status of the groundwater in state is as follows: 



Totol block 


Over 


Critical 


Semi critical 


Safe blocks 


With 


in the state 


exploited 


(Dark) 


(Gray) 




completely 




block 


blocks 


blocks 




saline water 












(Taranagar) 


237 


140 


50 


14 


32 


1 



Scenario-Urban Sector 

The state of Rajasthan has 222 urban towns and all of these town are covered by water supply system. Out of these towns, 
18% are based on surface soures and 68% on groundwater sources. 14% towns depend on both the surface source as 
groundwater sources. Out of six major towns namely; Jaipur, Ajmer, Kota, Bikaner, Jodhpur and Udaipur. Only Jaipur is 
dependent on the groundwater due to non availability of water in Ramgarh Dam. Jodhpur and Bikaner are now based on Indira 
Gandhi Canal System. Ajmer is connected with the bisalpur dam system and Kota on the river Chambal. These surface water 
sources are dependable and sustainable. Drinking water is supplied at interval of 24 hours in 161 towns, 48 hours in 58 towns 
and 72 hours in 3 towns. The service level range of all the towns is as follows: 



No. of Towns 


Liters Per Capita per Day 




(Range) 


13 


20-40 


60 


40-60 


83 


60-80 


35 


80-100 



31 Above 100 
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Scenario Rural Sector (Coverage up to August 2007) 



Town / Habitation 


Total 


Benefited (Out of Col.3) as 
on 




(2001 Census) 


(91 Census) 


March 2007 


August 2007 


1 


2 


3 


4 


5 


Towns 


222 


222 


222 


222 


Villages (Main 
Habitations) 


39753 


37889 


37859 


37859 


Dhani / Majra 

(Other 

Habitations) 


82497 
(3003 Survey) 


56057 
(1999 Survey) 


54598 


54638 


Total 

Habitations 


122250 


93946 


92457 


92497 



Status of NC ( Not Covered) Habitations (CAP 99) 



Particulars 




Balance NC Habitations 






| Main 


| Other 


Total 


Remaining on 
31.3.07 


30 


1459 


1489 


Covered During 
2007- 2008 ( up to 
August' 07) 


0 


40 


40 



Status of habitations as on 1/04/2005 as per survey 2003 



Particulars of Habitations 


Nos. 


Not Covered habitations due to quality (NC 


34,183 


Quality) 




Slipped Back Not Covered habitations 


31,030 


(Slipped Back NC) 




Total Not Covered (NC) Habitations 1+2 


65,213 


Slipped back Partially Covered habitations 
(Slipped Back PC) 


17,159 


Total Load for Coverage 1+2+3 


82,372 


Fully Covered habitations (FC) 


39,878 


Total Habitations 1+2+3+4 


1,22,250 



Quality of Water: 

Rajasthan state has to face water problem regarding both quantity as well as quality of water. Magnitude of Quality 
Problem India v/s Rajasthan, Validated up to 31-04-2004, is as follows. 



Sr. No. 


Particulars 


India 


Rajasthan 


% 

Compared 
to Country 


Villages 


Habitations 


Total 


1 


Multiple 
Quality 
Problem 


25092 


9572 


9067 


18639 


74.28 


2 


Only 
Fluoride 


31306 


4477 


4515 


8992 


28.72 


3 


Only 
Salinity 


23495 


3235 


2193 


5428 


23.10 


4 


Only 
Nitrate 


13958 


4211 


3671 


7882 


56.47 


5 


Only Iron 


118088 


79 


52 


131 


0.11 


6 


Only 
Arsenic 


5029 


0 


0 


0 


0.00 



Shift to Surface Water Source : 

In view of poor availability and declining ground water quality, the state government has taken a policy decision to shift the 
drinking water schemes from groundwater to surface water sources. All the Major Projects have been sanctioned with surface water as 
source. In all, 54 projects, costing Rs. 8028.69 crore, have been sanctioned. These projects envisage covering 65 towns, 6848 main 
habitation and 2964 other habitations. Up to August 2007, 6 projects have been completed covering 8 towns, 777 main habitation and 
2713 other habitations. ■ 

*(Author is Retd. Chief Engineer PHED, Rajasthan) 
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1.1 Water is a prime natural 
resource, a basic human need 
and a precious national asset. 
Planning, Development and 
management of water 
resources need to be governed 
by national perspectives. 

1.2 As per the latest assessment 
(1993), out of the total 
precipitation, including 
snowfall, of around 4000 
billion cubic meter in the 
country, the availability from 
surface water and 
replenishable ground water is 
put at 1 869 billion cubic meter. 
Because of topographical and 
other constraints, about 60% 
of this i.e. 690 billion cubic 
meter from surface water and 
432 billion cubic meter from 
ground water, can be put to 
beneficial use. Availability of 
water is highly uneven in both 
space and time. Precipitation is 
confined to only about three or 
four months in a year and 
varies from 100 mm in the 
western parts of Rajasthan to 
over 10000 mm at Cherrapunji 
in Meghalaya. Rivers and 
under ground aquifers often 
cut across state boundaries. 
Water, as a resource is one and 
indivisible: rainfall, river 
waters, surface ponds and 
lakes and ground water are all 
part of one system. 

1.3 Water is part of a larger 
ecological system. Realising 
the importance and scarcity 
attached to the fresh water, it 
has to be treated as an essential 
environment for sustaining all 
life forms. 

1.4 Water is a scarce and precious 
national resource to be 
planned, developed, conserved 
and managed as such, and on 
an integrated and 
environmentally sound basis, 
keeping in view the socio- 
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economic aspects and needs of 
the States. It is one of the most 
crucial elements in 
developmental planning. As 
the country has entered the 21 
si century, efforts to develop, 
conserve, utilise and manage 
this important resource in a 
sustainable manner, have to be 
guided by the national 
perspective. 

1 . 5 Floods and droughts affect vast 
areas of the country, 
transcending state boundaries. 
One-sixth area of the country 
is drought-prone. Out of 40 
million hectare of the flood 
prone area in the country, on 
an average, floods affect an 
area of around 7.5 million 
hectare per year. Approach to 
management of droughts and 
floods has to be co-ordinated 
and guided at the national 
level. 



1.6 Planning and implementation 
of water resources projects 
involve a number of socio- 
economic aspects and issues 
such as environmental 
sustainability, appropriate 
resettlement and rehabilitation 
of project-affected people and 
livestock, public health 
concerns of water 
impoundment, dam safety etc. 
Common approaches and 
guidelines are necessary on 
these matters. Moreover, 
certain problems and 
weaknesses have affected a 
large number of water 
resources projects all over the 
country. There have been 
substantial time and cost 
overruns on projects. Problems 
of water logging and soil 
salinity have emerged in some 
irrigation commands, leading 
to the degradation of 



agricultural land. Complex 
issues of equity and social 
justice in regard to water 
distribution are required to be 
addressed. The development 
and overexploitation of 
groundwater resources in 
certain parts of the country 
have raised the concern and 
need for judicious and 
scientific resource 
management and 
conservation. All these 
concerns need to be addressed 
on the basis of common 
policies and strategies. 

1.7 Growth process and the 
expansion of economic 
activities inevitably lead to 
increasing demands for water 
for diverse purposes: domestic, 
industrial, agricultural, hydro- 
power, thermal -power, 
navigation, recreation, etc. So 
far, the major consumptive use 
of water has been for 
irrigation. While the gross 
irrigation potential is 
estimated to have increased 
from 19.5 million hectare at 
the time of independence to 
about 95 million hectare by the 
end of the Year 1999-2000, 
further development of a 
substantial order is necessary 
if the food and fiber needs of 
our growing population are to 
be met with. The country's 
population which is over 1027 
million (2001 AD) at present is 
expected to reach a level of 
around 1390 million by 2025 
AD. 

1.8 Production of food grains has 

increased from around 50 
million tones in the fifties to 
about 208 million tones in the 
Year 1999-2000. This will have 
to be raised to around 350 
million tones by the year 2025 
AD. The drinking water needs 
of people and livestock have 
also to be met. Domestic and 



industrial water needs have 
largely been concentrated in or 
near major cities. However, the 
demand in rural areas is 
expected to increase sharply as 
the development programmes 
improve economic conditions 
of the rural masses. Demand 
for water for hydro and 
thermal power generation and 
for other industrial uses is also 
increasing substantially. As a 
result, water, which is already 
a scarce resource, will become 
even scarcer in future. This 
underscores the need for the 
utmost efficiency in water 
utilisation and a public 
awareness of the importance 
of its conservation. 

1.9 Another impOtlant aspect is 
water quality. Improvements 
in existing strategies, 
innovation of new techniques 
resting on a strong science and 
technology base are needed to 
eliminate the pollution of 
surface and ground water 
resources, to improve water 
quality. Science and 
technology and training have 
to play impOllant roles in 
water resources development 
and management in general. 

1.10 National Water Policy was 
adopted in September, 1987. 
Since then, a number of issues 
and challenges have emerged 
in the development and 
management of the water 
resources. Therefore, the 
National Water Policy (1987) 
has been reviewed and 
updated. 

Information System 

2.1 A well developed information 
system, for water related data 
in its entirety, at the 
national/state level, is a prime 
requisite for resource 
planning. A standardised 
national information system 



should be established with a 
network of data banks and 
data bases, integrating and 
strengthening the existing 
Central and State level 
agencies and improving the 
quality of data and the 
processing capabilities. 

2.2Standards for coding, 
classification, processing of 
data and methods / 
procedures for its collection 
should be adopted. Advances 
in information technology 
must be introduced to create a 
modern information system 
promoting free exchange of 
data among various agencies. 
Special effotls should be made 
to develop and continuously 
upgrade technological 
capability to collect process 
and disseminate reliable data 
in the desired time frame. 

2.3 Apart from the data regarding 
water availability and actual 
water use, the system should 
also include comprehensive 
and reliable projections of 
future demands of water for 
diverse purposes. 

Water Resources Planning 

3.1 Water resources available to 
the country should be brought 
within the category of 
utilisable resources to the 
maximum possible extent. 

3 . 2 Non-conventional methods for 
utilisation of water such as 
through inter-basin transfers, 
atlificial recharge of ground 
water and desalination of 
brackish or sea water as well as 
traditional water conservation 
practices like rainwater 
harvesting, including roof-top 
rainwater harvesting, need to 
be practiced to hulher increase 
the utilisable water resources. 
Promotion of frontier research 
and development, in a focused 
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manner, for these techniques is 
necessary. 

3.3 Water resources development 
and management will have to 
be planned for a hydrological 
unit such as drainage basin as a 
whole or for a sub-basin, multi- 
sectorally, taking into account 
surface and ground water for 
sustainable use incorporating 
quantity and quality aspects as 
well as environmental 
considerations. All individual 
developmental projects and 
proposals should be 
formulated and considered 
within the framework of such 
an overall plan keeping in view 
the existing agreements / 
awards for a basin or a 
subbasin so that the best 
possible combination of 
options can be selected and 
sustained. 



3.4 Watershed management 
through extensive soil 
conservation, catchment-area 
treatment, preservation of 
forests and increasing the 
forest cover and the 
construction of check-dams 
should be promoted. Efforts 
shall be to conserve the water 
in the catchment. 

3.5 Water should be made 
available to water Short areas 
by transfer from other areas 
including transfers from one 
river basin to another, based on 
a national perspective, after 
taking into account the 
requirements of the areas / 
basins. 

Institutional Mechanism 

4. 1 With a view to give effect to the 
planning, development and 
management of the water 
resources on a hydrological 
unit basis, along with a multi- 
sectoral, multi-disciplinary 



and participatory approach as 
well as integrating quality, 
quantity and the 
environmental aspects, the 
existing institutions at various 
levels under the water 
resources sector will have to be 
appropriately reoriented / 
reorganised and even created, 
wherever necessary. As 
maintenance of water resource 
schemes is under non-plan 
budget, it is generally being 
neglected. The institutional 
arrangements should be such 
that this vital aspect is given 
importance equal or even 
more than that of new 
constructions. 

4.2 Appropriate river basin 
organisations should be 
established for the planned 
development and 
management of a river basin as 
a whole or sub-basins, 
wherever necessary. Special 
multi-disciplinary units should 
be set up to prepare 
comprehensive plans taking 
into account not only the 
needs of irrigation but also 
harmonising various other 
water uses, so that the available 
water resources are 
determined and put to 
optimum use having regard to 
existing agreements or awards 
of Tribunals under the relevant 
laws. The scope and powers of 
the river basin organisations 
shall be decided by the basin 
states themselves. 

Water Allocation Priorities 

• In the planning and operation 
of systems, water allocation 
priorities should be broadly as 
follows: 

• Drinking water 

• Irrigation 

• Hydro-power 

• Ecology 

• Agro-industries and non- 
agricultural industries 



Navigation and other uses. 
However, the priorities could 
be modified or added if 
warranted by the area / region 
specific considerations. 

Project Planning 

6.1 Water resource development 
projects should as far as 
possible be planned and 
developed as multipurpose 
projects. Provision for 
drinking water should be a 
primary consideration. 

6.2 The study of the likely impact 
of a project during 
construction and later on 
human lives, settlements, 
occupations, sOclo-economic, 
environment and other aspects 
shall form an essential 
component of project 
planning. 

6.3 In the planning, 
implementation and operation 
of a project, the preservation 
of the quality of environment 
and the ecological balance 
310uld be a primary 
consideration. The adverse 
impact on the environment, if 
any, should be minimised and 
should be offset by adequate 
compensatory measures. The 
project should, nevertheless, 
be sustainable. 

6.4 There should be an integrated 
and multi disciplinary 
approach to the planning, 
formulation, clearance and 
implementation of projects, 
including catchment area 
treatment and management, 
environmental and ecological 
aspects, the rehabilitation of 
affected people and command 
area development. The 
planning of projects in hilly 
areas should take into account 
the need to provide assured 
drinking water, possibilities of 
hydro-power development and 
the proper approach to 
irrigation in such areas, in the 
context of physical features 
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and constraints of the basin 
such as steep slopes, rapid run- 
off and the incidence of soil 
erosion. The economic 
evaluation of projects in such 
areas should also take these 
factors into account. 

6.5 Special effOlls should be made 
to investigate and formulate 
projects either in, a' for the 
benefit of, areas inhabited by 
tribal or other specially 
disadvantaged groups such as 
socially weak, scheduled 
castes and scheduled tribes. In 
other areas also, project 
planning should pay special 
attention to the needs of 
scheduled castes and 
scheduled tribes and other 
weaker sections of the society. 
The economic evaluation of 
projects benefiting such 
disadvantaged sections should 
also take these factors into 
account. 

6.6 The drainage system should 
form an integral pml of any 
irrigation project right from the 
planning stage. 

6.7 Time and cost overruns and 
deficient realisation of benefits 
characterising most water 
related projects should be 
overcome by upgrading the 
quality of project preparation 
and management. The 
inadequate funding of projects 
should be obviated by an 
optimal allocation of 
resources on the basis of 
prioritisation, having regard to 
the early completion of on- 
going projects as well as the 
need to reduce regional 
imbalances. 

6.8 The involvement and 
participation of beneficiaries 
and other stakeholders should 
be encouraged right from the 
project planning stage itself. 



Ground Water Development 

7.1 There should be a periodical 

reassessment of the ground 
water potential on a scientific 
basis, taking into 
consideration the quality of 
the water available and 
economic viability of its 
extraction. 

7.2 Exploitation of ground water 

resources should be so 
regulated as not to exceed the 
recharging possibilities, as also 
to ensure social equity. The 
detrimental environmental 
consequences of 
overexploitation of ground 
water need to be effectively 
prevented by the Central and 
State Governments. Ground 
water recharge projects should 
be developed and 
implemented for improving 
both the quality and 
availability of ground water 
resource. 

7.3 Integrated and coordinated 
development of surface water 
and ground water resources 
and their conjunctive use, 
should be envisaged right from 
the project planning stage and 
should form an integral part of 
the project implementation. 

7.4 Over exploitation of ground 

water should be avoided 
especially near the coast to 
prevent ingress of sea water 
into sweet water aquifers. 

Drinking Water 

8. Adequate safe drinking 
water facilities should be 
provided to the entire 
population both in urban and 
in rural areas. Irrigation and 
multipurpose projects should 
invariably include a drinking 
water component, wherever 
there is no alternative source of 
drinking water. Drinking water 
needs of human beings and 
animals should be the first 



charge on any available water. 
Irrigation 

9. 1 Irrigation planning either in an 
individual project or in a basin 
as a whole should take into 
account the irrigability of land, 
cost-effective irrigation 
options possible from all 
available sources of water and 
appropriate irrigation 
techniques for optimising 
water use efficiency. Irrigation 
intensity should be such as to 
extend the benefits of 
irrigation to as large a number 
of farm families as possible, 
keeping in view the need to 
maximise production. 

9.2 There should be a close 
integration of water-use and 
land-use policies. 

9.3 Water allocation in an 
irrigation system should be 
done with due regard to equity 
and social justice. Disparities 
in the availability of water 
between head-reach and tail- 
end farms and between large 
and small farms should be 
obviated by adoption of a 
rotational water distribution 
system and supply of water on 
a volumetric basis subject to 
certain ceilings and rational 
pricing. 

9.4 Concerted efforts should be 
made to ensure that the 
irrigation potential created is 
fully utilised. For this purpose, 
the command area 
development approach should 
be adopted in all irrigation 
projects. 

9.5 Irrigation being the largest 
consumer of fresh water, the 
aim should be to get optimal 
productivity per unit of water. 
Scientific water management, 
farm practices and sprinkler 
and drip system of irrigation 
should be adopted wherever 
feasible. 
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9.6 Reclamation of water logged / 
saline affected land by 
scientific and cost-effective 
methods should form a part of 
command area development 
programme. 

Resettlement and Rehabilitation 

1 0 . Optimal use of water resources 
necessitates construction of 
storages and the consequent 
resettlement and rehabilitation 
of population. A skeletal 
national policy in this regard 
needs to be formulated so that 
the project affected persons 
share the benefits through 
proper rehabilitation. States 
should accordingly evolve 
their own detailed resettlement 
and rehabilitation policies for 
the sector, taking into account 
the local conditions. Careful 
planning is necessary to ensure 
that the construction and 
rehabilitation activities 
proceed simultaneously and 
smoothly. 

Financial and Physical Sustainability 

11. Besides creating additional 
water resources facilities for 
various uses, adequate 
emphasis needs to be given to 
the physical and financial 
sustainability of existing 
facilities. There is, therefore, a 
need to ensure that the water 
charges for various uses should 
be fixed in such a way that they 
cover at least the operation and 
maintenance charges of 
providing the service initially 
and a pall of the capital costs 
subsequently. These rates 
should be linked directly to the 
quality of service provided. 
The subsidy on water rates to 
the disadvantaged and poorer 
sections of the society should 
be well targeted and 
transparent. 

Participatory Approach to Water 
Resources Management 

12. Management of the water 
resources for diverse uses 



should incorporate a 
pallicipatory approach; by 
involving not only the various 
governmental agencies but 
also the users and other 
stakeholders, in an effective 
and decisive manner, in 
various aspects of planning, 
design, development and 
management of the water 
resources schemes. Necessary 
legal and institutional changes 
should be made at various 
levels for the purpose, duly 
ensuring appropriate role for 
women. Water Users' 
Associations and the local 
bodies such as municipalities 
and gram panchayats should 
pallicularly be involved in the 
operation, maintenance and 
management of water 
infrastructures / facilities at 
appropriate levels 
progressively, with a view to 
eventually transfer the 
management of such facilities 
to the user groups / local 
bodies. 

Private Sector Participation 

13. Private sector participation 
should be encouraged in 
planning, development and 
management of water 
resources projects for diverse 
uses, wherever feasible. Private 
sector participation may help 
in introducing innovative 
ideas, generating financial 
resources and introducing 
corporate management and 
improving service efficiency 
and accountability to users. 
Depending upon the specific 
situations, various 
combinations of private sector 
participation, in building, 
owning, operating, leasing and 
transferring of water resources 
facilities, maybe considered. 

Water Quality 

14.1 Both surface water and ground 
water should be regularly 
monitored for quality. A 



phased programme should be 
undertaken for improvements 
in water quality. 

14.2 Effluents should be treated to 
acceptable levels and 
standards before discharging 
them into natural streams. 

14.3 Minimum flow should be 
ensured in the perennial 
streams for maintaining 
ecology and social 
considerations. 

14.4 Principle of 'polluter pays' 
should be followed in 
management of polluted 
water. 

14.5 Necessary legislation is to be 
made for preservation of 
existing water bodes by 
preventing encroachment and 
deterioration of water quality. 

Water Zoning 

15. Economic development and 
activities including 
agricultural, industrial and 
urban development, should be 
planned with due regard to the 
constraints imposed by the 
configuration of water 
availability. There should be a 
water zoning of the country 
and the economic activities 
should be guided and 
regulated in accordance with 
such zoning. 

Conservation of Water 

16.1 Efficiency of utilisation in all 
the diverse uses of water 
should be optimised and an 
awareness of water as a scarce 
resource should be fostered. 
Conservation consciousness 
should be promoted through 
education, regulation, 
incentives and disincentives. 

16.2 The resources should be 
conserved and the availability 
augmented by maximising 
retention, eliminating 
pollution and minimising 
losses. For this, measures like 
selective linings in the 
conveyance system, 
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modernisation and 
rehabilitation of existing 
systems including tanks, 
recycling and re-use of treated 
effluents and adoption of 
traditional techniques like 
mulching or pitcher irrigation 
and new techniques like drip 
and sprinkler may be 
promoted, wherever feasible. 

Flood Control and Management 

17.1 There should be a master plan 
for flood control and 
management for each flood 
prone basin. 

17.2 Adequate flood-cushion 
should be provided in water 
storage projects, wherever 
feasible, to facilitate better 
flood management. In highly 
flood prone areas, flood 
control should be given 
overriding consideration in 
reservoir regulation policy 
even at the cost of sacrificing 
some irrigation or power 
benefits. 

17.3 While physical flood 
protection works like 
embankments and dykes will 
continue to be necessary, 
increased emphasis should be 
laid on non-structural 
measures such as flood 
forecasting and warning, flood 
plain zoning and flood 
proofing for the minimisation 
of losses and to reduce the 
recurring expenditure on flood 
relief. 

17.4 There should be strict 
regulation of settlements and 
economic activity in the flood 
plain zones along with flood 
proofing, to minimise the loss 
of life and property on account 
of floods. 

17.5 The flood forecasting activities 
should be modernised, value 
added and extended to other 
uncovered areas. Inflow 



forecasting to reservoirs 
should be instituted for their 
effective regulation. 

Land Erosion by Sea or River 

18.1 The erosion of land, whether 
by the sea in coastal areas or by 
river waters inland, should be 
minimised by suitable cost- 
effective measures. The States 
and Union Territories should 
also undertake all requisite 
steps to ensure that 
indiscriminate occupation and 
exploitation of coastal strips 
of land are discouraged and 
that the location of economic 
activities in areas adjacent to 
the sea is regulated. 

18.2 Each coastal State should 
prepare a comprehensive 
coastal land management 
plan, keeping in view the 
environmental and ecological 
impacts, and regulate the 
developmental activities 
accordingly. 

Drought-prone Area Development 

19.1 Drought-prone areas should be 
made less vulnerable to 
drought-associated problems 
through soil moisture 
conservation measures, water 
harvesting practices, 
minimisation of evaporation 
losses, development of the 
ground water potential 
including recharging and the 
transfer of surface water from 
surplus areas where feasible 
and appropriate. Pastures, 
forestry or other modes of 
development which are 
relatively less water 
demanding should be 
encouraged. In planning water 
resource development 
projects, the needs of drought- 
prone areas should be given 
priority. 

19.2 Relief works undertaken for 
providing employment to 
drought-stricken population 



should preferably be for 
drought proofing. 
Monitoring of Projects 

20. 1 A close monitoring of projects 
to identify bottlenecks and to 
adopt timely measures to 
obviate time and cost overrun 
should form part of project 
planning and execution. 

20.2 There should be a system to 
monitor and evaluate the 
performance and socio- 
economic impact of the 
project. 

Water Sharing / Distribution 
amongst the States 

21.1 The water sharing / 
distribution amongst the 
states should be guided by a 
national perspective with due 
regard to water resources 
availability and needs within 
the river basin. Necessary 
guidelines, including for water 
ShOti states even outside the 
basin, need to be evolved for 
facilitating future agreements 
amongst the basin states. 

21.2 The Inter-State Water 
Disputes Act of 1956 may be 
suitably reviewed and 
amended for timely 
adjudication of water disputes 
referred to the Tribunal. 

Performance Improvement 

22. There is an urgent need of 
paradigm shift in the emphasis 
in the management of water 
resources sector. From the 
present emphasis on the 
creation and expansion of 
water resources infrastructures 
for diverse uses, there is now a 
need to give greater emphasis 
on the improvement of the 
performance of the existing 
water resources facilities. 
Therefore, allocation of funds 
under the water resources 
sector should be re-prioritised 
to ensure that the needs for 
development as well as 
operation and maintenance of 
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the facilities are met. 

Maintenance and Modernisation 

23.1 Structures and systems created 
through massive investments 
should be properly maintained 
in good health. Appropriate 
annual provisions should be 
made for this purpose in the 
budgets. 

23.2 There should be a regular 
monitoring of structures and 
systems and necessary 
rehabilitation and 
modernisation programmes 
should be undertaken. 

23.3 Formation of Water Users' 
Association with authority 
and responsibility should be 
encouraged to facilitate the 
management including 
maintenance of irrigation 
system in a time bound 
manner. 

Safety of Structures 

24. There should be proper 
organisational arrangements 
at the national and state levels 
for ensuring the safety of 
storage dams and other water- 
related structures consisting of 
specialists in investigation, 
design, construction, 
hydrology, geology, etc. A dam 
safety legislation may be 
enacted to ensure proper 
inspection, maintenance and 
surveillance of existing dams 
and also to ensure proper 
planning, investigation, design 
and construction for safety of 
new dams. The Guidelines on 
the subject should be 
periodically updated and 
reformulated. There should be 
a system of continuous 
surveillance and regular visits 
by experts. 

Science and -Technology 

25. For effective and economical 
management of our water 
resources, the frontiers of 



knowledge need to be pushed 
forward in several directions 
by intensifying research efforts 
in various areas, including the 
following: 

• hydrometeorology; 

• snow and lake hydrology; 

• surface and ground water 
hydrology; 

• river morphology and hydraulics ; 

• assessment of water resources ; 

• water harvesting and ground 
water recharge; 

• water quality ; 

• water conservation; 

• evaporation and seepage losses ; 

• recycling and re-use; 

• better water management 
practices and improvements in 
operational technology; 

• crops and cropping systems ; 

• soils and material research; 

• new construction materials and 
technology (with pallicular 
reference to roller compacted 
concrete, fiber reinforced 
concrete, new methodologies in 
tunneling technologies, 
instrumentation, advanced 
numerical analysis in structures 
and back analysis); 

• seismology and seismic design of 
structures; 

• The safety and longevity of water- 
related structures; 

• economical designs for water 
resource projects; 

• risk analysis and disaster 
management; 

• use of remote sensing techniques 
in development and management; 

• use of static ground water 
resource as a crisis management 
measure; 

• sedimentation of reservoirs; 

• use of sea water resources; 

• prevention of salinity ingress; 

• prevention of water logging and 
soil salinity; 

• reclamation of water logged and 
saline lands; 

• environmental impact; 

• regional equity. 



Training 

26. A perspective plan for 
standardised training should be 
an integral patl of water 
resource development. It should 
cover trainin g in information 
systems, sectoral planning, 
project planning and 
formulation, project 
management, operation of 
projects and their physical 
structures and systems and the 
management of the water 
distribution systems. The 
training should extend to all the 
categories of personnel involved 
in these activities as also the 
farmers. 

Conclusion 

27. In view of the vital importance 
of water for human and animal 
life, for maintaining ecological 
balance and for economic and 
developmental activities of all 
kinds, and considering its 
increasing scarcity, the planning 
and management of this 
resource and its optimal, 
economical and equitable use 
has become a matter of the 
utmost urgency. Concerns of the 
community needs to be taken 
into account for water resources 
development and management. 
The success of the National 
Water Policy will depend 
entirely on evolving and 
maintaining a national 
consensus and commitment to 
its underlying principles and 
objectives. To achieve the desired 
objectives, State Water Policy 
backed with an operational 
action plan shall be formulated 
in a time bound manner say in 
two years. National Water Policy 
may be revised periodically as 
and when need arises. ■ 

(Source: nic.gov.in) 
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The State of Rajasthan is the second 
largest state in the country covering an area of 
34.271 Million ha which is more than 10% of the 
total geographical area of the country. About 5% of 
the total population of the country resides in the 
state and it has more than 15.7 million ha of land 
suitable for agriculture. The State of Rajasthan is 
one of the driest states of the country and the total 
surface water resources in the state are only about 
1% of the total surface water resources of the 
country. The rivers of the state are rainfed and 
identified by 14 major basins divided into 59 
subbasins. 

The surface water resources in the state 
are mainly confined to south and south-eastern 
parts of the State. There is a large area in western 
part of the state which does not have any defined 
drainage basin. Thus the water resources in the state 
are not only scarce but have highly uneven 
distribution both in time and space. 



PROPOSED WATER POLICY OF RAJASTHAN 



1 . The Need for a State Water Policy 

Water is a prime natural 
resource, a basic human need and a 
precious asset of the State. Planning, 
development, operation and 
maintenance of all water resources to 
support the growth of the state economy 
and the well being of the population, in 
response to the growing need for 
drinking water, agricultural products, 
industrial production and electricity, a 
general improvement of living 
conditions and employment is of 
utmost importance. Planning and 
development of water resources need to 
be governed by the state's perspectives. 
The requirement of utilising all 
available water resources, surface and 
ground, in a judicious and equitable, as 
well as sound economic manner needs a 
well defined State Water Policy. 

The State of Rajasthan is the 
second largest state in the country 
covering an area of 34.271 Million ha 
which is more than 10% of the total 
geographical area of the country. About 
5% of the total population of the 
country resides in the state and it has 
more than 15.7 million ha of land 



suitable for agriculture. The State of 
Rajasthan is one of the driest states of 
the country and the total surface water 
resources in the state are only about 1% 
of the total surface water resources of 
the country. The rivers of the state are 
rainfed and identified by 14 major basins 
divided into 59 subbasins. 
suitable for agriculture. The State of 
Rajasthan is one of the driest states of 
the country and the total surface water 
resources in the state are only about 1% 
of the total surface water resources of 
the country. The rivers of the state are 
rainfed and identified by 1 4 major basins 
divided into 59 subbasins. 

The surface water resources in 
the state are mainly confined to south 
and south-eastern parts of the State. 
There is a large area in western part of 
the state which does not have any 
defined drainage basin. Thus the water 
resources in the state are not only scarce 
but have highly uneven distribution both 
in time and space. The ground water 
also plays an important role especially in 
agriculture and drinking water supply. 
The situation of ground water 
exploitation is also not satisfactory as in 



areas where surface irrigation is 
provided there is a tendency of not using 
ground water for agriculture which 
creates problem of water table rise and 
even water logging. On the contrary, in 
large areas of the State, ground water is 
being over exploited and the water table 
in some areas is going down even at the 
rate of 3 metre per year. This 
background leads to the formulation of 
the following water resources 
development and management 
objectives: 

a. Development of all utilisable water 
resources to the maximum possible 
extent, including surface water - 
local and imported - groundwater 
and waste water, for optimal 
economic development and social 
well-being. 

b. Assuring an integrated and multi- 
disciplinary approach to planning, 
evaluation, approval and 
implementation of irrigation and 
drainage projects, including river 
basin management, of surface and 
groundwater. 

c. Optimisation of water resources 
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exploitation and raising the level 
of reliability of supplies through 
conjunctive use of surface and 
groundwater. 

d. Judicious and economically 
sound allocation of water 
resources to 

different sectors, with drinking 
water supply as a first priority. 

e. Optimum utilisation of water 
resources to maximise 
production in all user sectors. 

f. Providing flood protection and 
drainage facilities, as well as 
assuring minimal supplies during 
drought periods. 

g. Maintenance of water quality at 
acceptable standards and 
reduction of water resources' 
pollution by urban and industrial 
sewage. 

h. Ensuring proper functioning of 
existing structures, conveyance 
systems and other assets through 
adequate maintenance and 
operation. 

i. Minimising adverse impacts of 
water resources development on 
the natural environment and on 
population affected by project 
implementation works. 

j. Promoting beneficiaries' 
participation in all aspects of 
water planning and 
management, with particular 
emphasis on Water User 
Associations intended to manage 
and maintain irrigation systems, 
both physically and financially. 

k. Motivating and encouraging 
water conservation through 
appropriate and socially 
acceptable water rates, 
introduction of water-saving 
devices and practices in all 
sectors, and educational 
campaigns. 

1. Advancing the technological and 
scientific level of all the staff in 
the water sector through 
intensification of applied 
research, technology 
transfer, training and education. 

m. Ensuring well coordinated and 
efficient decision making, 
planning, design, execution and 
operation and maintenance 
activities among all GOR 



agencies. 

n. Facilitating private initiative in 
development, operation and 
management of water projects. 

o. Emphasis to be given for recharge 
of ground water aquifers to 
mitigate the crisis of drinking 
water supply and demand of 
drinking water supply and for 
industrial and other purposes. 

2. Information System 

The prime requisite for 
resources planning is a well 
developed information system. 
There should be free exchange of 
data among the various agencies 
and duplication in data collection 
should be avoided. Timely 
availability of reliable 
information, conveniently 
accessible to all users, is necessary 
as a tool for integrated planning of 
new projects, and for following up 
the performance of existing 
systems and the status of water 
resources. Following actions shall 
be taken in this regard: 

a. Setting up of a central information 
center for the entire water sector of 
Rajasthan. 

b. Clear definition of duties and 
responsibilities of those charged 
with data collection. 

c. Detailing of main reports to be 
generated. 

3. Maximizing Water Availability 

Due to the high variability of 
hydrometeorological phenomena 
not all the potentially available 
resources can be harnessed and 
made utilisable. The overwhelming 
interest of the State is to bring, by 
physical and managerial measures, 
as much of the potentially available 
resources into beneficial utilisation 
as is physically and economically 
feasible. The resources shall be 
conserved and the availability for 
use augmented by measures for 
maximising retention and 
minimising losses. Following 
actions shall be taken for 
maximising water availability: 
a. Comprehensive and integrated 
water resource planning shall be 
done for the State on the basis of 



hydrological units i.e. basin or a 
sub-basin. 

b. Water resources potentials, both 
surface and ground, shall be 
assessed. 

c. Basin- wise and State-level water 
resources development and 

d. Water resources development 
projects shall be prioritised on 
economic, social and financial 
criteria to aid in budget allocation. 

e. Waste water reclamation shall be 
considered in all basin plans. 

f. Efficient water application and 
utilisation practices shall be 
encouraged. 

g. A Central Planning Authority for 
policy related issues for integrated 
water resources development and 
management shall be created. 

h. Traditional water harvesting 
practices shall be preserved and 
encouraged. 

i. Projects for artificial recharge of 
ground water shall be prepared. 

j . Inter basin transfer proj ects shall be 
prepared based on a State-wide 
perspective, after taking into 
account the requirements within 
the basins. 

k. The case for full utilisation of 
State's share in Ganga waters shall 
be pursued. 

4. Project Planning 

Water resources development 
planning shall aim at assuring 
accelerated growth by contributing to 
the State's economic and social 
advancement, and improving the 
general social and economic conditions 
of the population, while keeping the 
environmental and ecological balance. 
The State Water Policy shall be reflected 
in all plans recommended for 
implementation. Special attention shall 
be given to the non-structural elements 
of this policy, aimed at achieving the 
objectives of reduction of poverty, basic 
food self-sufficiency, overall economic 
growth, environmental well-being, 
progress of weaker sections of the 
population, etc. 

Water resource development 
projects shall as far as possible be 
planned and developed as 
comprehensive and multi-purpose 
projects. All present and predictable 
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future demands, including irrigation, 
domestic and livestock demand, 
industries, thermal and hydroelectric 
power stations, pisciculture and 
recreation, and all sources of natural 
water as well as reclaimed wastewater 
must be considered. Provision for 
drinking water shall be a primary 
consideration. The study of the impact 
of a project, during its construction 
period as well as during its operational 
life, on human lives, settlements, 
occupations, economic and other social 
aspects, shall be an essential component 
of project planning. Time and cost 
overruns and deficient realisation of 
benefits characterising most irrigation 
projects shall be overcome by upgrading 
the quality of project preparation and 
management. The under-funding of 
projects shall be obviated by an optimal 
allocation of resources, having regard to 
the early completion of ongoing 
projects as well as the need to reduce 
regional imbalances. The following 
institutional and procedural reforms 
and manpower development in projects 
shall be carried out: 

drinking water shall be a primary 
consideration. The study of the impact 
of a project, during its construction 
period as well as during its operational 
life, on human lives, settlements, 
occupations, economic and other social 
aspects, shall be an essential component 
of project planning. Time and cost 
overruns and deficient realisation of 
benefits characterising most irrigation 
projects shall be overcome by upgrading 
the quality of project preparation and 
management. The under-funding of 
projects shall be obviated by an optimal 
allocation of resources, having regard to 
the early completion of ongoing 
projects as well as the need to reduce 
regional imbalances. The following 
institutional and procedural reforms 
and manpower development in projects 
shall be carried out: 

Institutional Reforms: 

a. Integrated long and short term 
planning of water resources 
development. 

b. Economic analysis and feasibility 
studies of projects. 

c. Monitoring and evaluation of 
existing projects. 



d. Drafting annual and multi- 
annual expenditure programmes 
for the entire water sector and 
obtaining approval. 

e. Encourage private initiative in 
water sector. 

Human Resources Development: 

a. Introduce training courses and 
professional career incentives, 
and foster professional 
dedication, with emphasis on 
client management. 

Procedural Reforms: 

a. Improvement in process of 
project planning, sanctioning, 
bidding, etc. 

b. Define accountability and 
authority. 

c. Define information flow routes 
and access to data. 

d. Establish guidelines for priority in 
public spending in water sector. 

5. Maintenance and Modernisation 

For maintaining the existing 
structures and systems in satisfactory 
condition and timely modernisation, 
the following actions shall be taken: 

a. Adequate budget for 
maintenance, repair, 
modernisation of existing 
structures and systems shall be 
allocated. 

b. Water rates shall be increased and 
collections shall be improved. 

c. Orders and instructions for 
inspections / reporting of 
maintenance, repair and 
replacement works shall be 
issued. 

d. Maintenance oriented training 
programmes shall be undertaken. 

e. Water User Associations shall be 
encouraged to undertake 
maintenance, repairs and 
modernisation of works. 

6. Safety of Structures 

The Dam Safety Organisation 
shall be reinforced and supported, at 
State level, for ensuring the trained staff 
in improved inspection, analysis and 
evaluation techniques of dams and 
other structures. Guidelines issued by 
State authorities on the subject shall be 
kept under constant review and 



periodically updated and re-formulated 
Dam Safety Legislation may be enacted 
to ensure proper inspection, 
maintenance and surveillance of 
existing dams and also to ensure proper 
planning, investigation, design and 
construction for safety of new dams. 

7. Groundwater Development 

Exploitation of groundwater 
resources should be so regulated as not 
to exceed recharging possibilities, and 
also to ensure social equity. There 
should be a periodical reassessment on 
a scientific basis of groundwater 
potentials, taking into consideration the 
quality of the water available and 
economic viability. Following steps 
shall be taken in this regard: 
Legal : Existing laws shall be amended 
/new legislation shall be enacted. 

Organisational : Organisational 
structures and procedures shall be 
changed. Attempt to control deep 
drilling through licensing and control 
on private operators shall be made, 
on private operators shall be made. 
Social: Public awareness for self- 
control in ground water exploitation 
from WUAs shall be fostered. 
Educational: Sense of water scarcity 
and need to conserve shall be 
developed. 

Technological : Data collection shall be 
improved, conjunctive use of ground 
and surface water shall be planned, 
mathematical modeling of aquifer shall 
be done and artificial recharge of 
ground water shall be planned. 
Environmental : The detrimental 
environmental consequences of over 
exploitation of ground water need to be 
effectively prevented. 

8. Water Allocation Priorities 

In the planning and operation 
of systems, water allocation priorities 
shall be to Drinking water, Irrigation, 
Power generation and Industrial and 
other uses in that order. However, these 
priorities might be modified if 
necessary in particular regions with 
reference to area specific 
considerations, and they may be 
different in the context of allocating 
water to existing consumers than in the 
context of planning the development of 
water resources for new consumers. A 
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detailed methodology for multi-priority 
analysis shall be developed for decision 
making in the Central Planning 
Authority to enable prioritisation in 
water resources planning and 
management. The demands of drinking 
water, irrigation, power generation, 
industrial and other uses shall be studied 
scientifically for appropriate 
development and allocation of funds. 

9. Drinking Water 

Adequate drinking water 
facilities shall be provided to the entire 
population both in urban and in rural 
areas. Future irrigation and 
multipurpose projects shall invariably 
include a drinking water component 
wherever there is no dependable 
alternative source of drinking water. 
Drinking water needs of human beings 
and animals shall be the first charge on 
any available water and following 
actions shall be taken to fulfill this need: 
and animals shall be the first charge on 
any available water and following 
actions shall be taken to fulfill this need: 

a. Increased budget shall be allocated 
for upgrading urban and rural 
domestic and livestock water supply. 

b. Water rates shall be gradually 
increased to self-support the 
operation of urban and rural piped 
schemes. 

c. Finance of rural water supply 
schemes shall be continued. 

d. Water quality standards shall be 
ensured. 

e. Strict control over activities which 
endanger sources such as 
hazardous wastes and sewage shall 
be exercised. 

f. Privatisation in urban water supply 
especially for meter reading, billing 
etc. can be contracted out. 

1 0 . Irrigation Water 

Irrigation planning, either in an 
individual project or in a basin as a 
whole, should take into account the 
irrigability of land, cost-effective 
irrigation options possible from all 
available sources of water, and 
appropriate irrigation and drainage 
techniques. The irrigation intensity 
should be such as to extend the benefits 
of irrigation to as large as number of 
farm families as possible, keeping in view 
the need to maximise production. 
Following measures shall be taken to 
ensure that the irrigation potential 



created is fully utilised, the gap between 
the potential created and its utilisation is 
removed, water allocation in an 
irrigation system is done with due regard 
to equity and social justice, disparities in 
the availability of water between head- 
reach and tail-end farms and between 
large and small farms should be obviated 
by adoption of a rotational water 
distribution system, supply of water on a 
volumetric basis subject to certain 
ceilings is introduced and there is close 
integration of water-use and land-use 
policies. To achieve these objectives a 
multidisciplinary and integrated 
approach will be followed under C.A.D. 
programme. 

a. It shall be ensured that the 
Government regulations are 
adhered to by law and persuasion. 

b. Farmers shall be encouraged to 
adopt high efficiency water 
equipments and practices and use of 
ground water in conjunction with 
surface water. 

c. Water charges shall be reviewed and 
realistic water rates shall be 
introduced. 

d. Reclamation of waterlogged / saline 
affected land by scientific methods 
should form a part of command area 
development programme. 

11. Water Rates 

Water rates shall be so decided 
that it conveys the scarcity value of water 
to users and foster the motivation for 
economy in water usage. Rates shall be 
gradually increased to cover the annual 
maintenance and operation charges and 
part of the fixed costs to assure 
undisturbed and timely supply of 
irrigation water. Water rates shall be 
rationalised with due regard to the 
interests of small and marginal farmers. 
It shall be accompanied by volumetric 
measurement of water consumption in 
all sectors. 

12. Participation of Water Users 

Farmers shall be involved in 
various aspects of management of 
irrigation systems, particularly in water 
distribution and collection of water 
charges through following measures: 

a. Evaluating results of on-going pilot 
projects where farmers' 
participation has been introduced. 

b. Introducing changes in legislation 



for fostering user participation in 
irrigation. 

c. Giving priority of funds for 
rehabilitation and modernisation 
of irrigation projects to those 
projects where farmers are willing 
to organise into WUAs. 

d. Assistance of voluntary agencies 
shall be taken in educating the 
farmers in efficient water use and 
water management. 

1 3 . Water Quality Monitoring 

Both surface water and ground 
tistics and maps for River Basins. 
Proposals for contracting the work of 
water sampling and analysis to private 
water as well as soil quality shall be 
regularly monitored for quality and a 
phased program shall be undertaken for 
improvements in water quality. 
Government shall issue orders to 
routinely enter future water and soil 
quality figures in the water resources 
database and publish groundwater 
statistics and maps for River Basins. 
Proposals for contracting the work of 
water sampling and analysis to private 
operators will be studied. Effluents 
should be treated to acceptable levels and 
standards before discharging them in 
natural streams. Minimum flow should 
be ensured in the perennial streams for 
maintaining ecology and social 
considerations. 

14. Water Zoning 

15. Water Conservation and Efficiency 
of Utilization. 

The efficiency of utilisation in all 
the diverse uses of water should be 
improved and an awareness of water as a 
scarce resource should be fostered. 
Conservation consciousness shall be 
promoted through education, 
regulation, incentives and disincentives 
by taking following actions: 

A. Domestic Sector: 

- Introduction of domestic water 
saving devices 

- Water meters on all consumers. 
-Progressive water tariff 

structure. 

- Auditing of water balance from 
distribution systems, etc. . . 

B. Industrial sector: 

- Progressive water tariff. 

- Water recycling facilities. 

- Treated urban sewage water for 
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cooling and other processes. 

C. Agriculture Sector: 

- Water rates on volumetric basis 
should be kept sufficient for 

- Saline water for tolerant crops. 
-Improvement in irrigation 

practices and reduction of water 
losses. 

- Pressure irrigation systems to be 
introduced 

D. Watershed management for each 
basin: 

-Afforestation, soil conservation. 

- Livestock management. 
-Treatment and disposal of 
sewage. Every drop of water 
needs to be conserved and 
optimally utilised for which 
detailed scheme shall be framed 
ensuring its time bound 
implementation. 

16. Flood Control and Drainage 
Management 

Sound watershed management 
through extensive soil conservation, 
catchment area treatment, preservation 
of forests and increasing the forest area 
and construction of check dams shall be 
promoted to reduce the intensity of 
floods. Adequate flood cushion shall be 
provided in water storage projects 
whenever feasible to facilitate better 
flood management. An extensive 
network for flood forecasting shall be 
established for timely warning to the 
settlements in the flood plains, along 
with the introduction of regulation for 
settlements and economic activity in the 
flood-prone zones to minimise loss of life 
and property caused by floods. Master 
plan for flood control and management 
for each flood prone basin / area shall be 
got prepared. Due consideration to 
provide proper drainage shall also be 
given to build up capabilities to tackle 
water logging and salinity problems. 

1 7 . Drought Management 

Drought prone areas shall be 
made less vulnerable to drought 
associated problems through measures 
listed below. In planning water resource 
development projects, the needs of 
drought prone areas should be 
given priority. Relief works undertaken 
for providing employment to drought 
stricken populations should preferably 
be for drought proofing, 
a. Continue efforts to assure water 

supply and livelihood to population 

and care for livestock. 



b. Employment and direct provision of 
basic needs to population in times of 
crisis. 

c. Drought-proofing of the area in 
measures such as plantation, dry 
farming. 

d. Development of training and skills 
to enable population to supplement 
the earnings from agriculture. 

e. Development of the ground water 
potential including recharging and 
the transfer of surface water from 
surplus areas wherever feasible and 
appropriate. 

1 8 . Training and Education. 

Standardised training shall be a 
part of water resources management and 
should cover all its aspects and all 
personnel involved in it, including 
farmers. The State shall also encourage 
education of the public at large. 

Scholarships, study tours, 
incentives etc. shall be provided by the 
State to encourage and support training. 
Technology transfer shall be made 
obligatory on all technical assistance and 
consulting services. Emphasis on 
research on all matters related to water 
management shall also be given. 

19. Legislation and Regulation 

After a critical examination of 
rules, regulations, ordinances, legal and 
legislative measures related to the State's 
water sector has been made, with aview 
to improve and streamline their scope 
and cover in the legal framework all 
aspects pertaining to water resources 
management, protection of water 
quality, flood protection, drought 
proofing, abstraction licensing, water 
rights, etc. the Government shall 
introduce the following measures: 

a. Enact the necessary amendments 
and additions to existing Act, rules, 
regulations, orders, decisions, etc.; 

b. Ensure that the responsibilities and 
powers of Governmental agencies 
and the rights and obligations of 
individuals be clearly spelled-out in 
the relevant laws and regulations; 

c. Ensure that the legislation would 
allow for easy implementation of 
policy decisions while protecting the 
interests of individuals and taking 
into account the administrative 
capacity to implement them; 

d. Empower the appropriate agencies 
to carry out their obligations and 
responsibilities as implied by the 



nated, equitable and efficient 
control, as well as the resolution of 
conflicts which may arise from 
them; public ownership of water 
projects, and spell out the 
administrative procedures necessary 
for coordinated, equitable and 
efficient control, as well as the 
resolution of conflicts which may 
arise from them; 

e. Provide legal support for the 
formation of WUAs and handing 
over to them the distribution of 
water for irrigation and the 
maintenance of canals; 

f. Establish rules and regulations for 
the involvement of the private sector 
in development and operation of 
water-related proj ects ; 

g. Provide in the law for an effective 
participation of farmers in the 
planning and decision making 
processes which involve users and 
public authorities; 

h. Introduce the necessary 
legislation for a periodic 
amendment of water rates and tariff 
structures which would enable the 
full coverage of O&M expenditures, 
based, as far as possible on 
volumetric metering of supplies, 
while motivating users to economise 
in the use of water, and catering for 
the weaker sections of the 
population; 

i. Establish effective conflict 
resolution legal entities and 
procedures. The entire body of 
water-related laws and regulations 
will eventually be amalgamated into 
a State Water Law, which would, in 
addition to the above mentioned 
subjects, establish the State 
ownership of all the water resources 
within the State, as well as waters 
imported from outside the State 
under various agreements, and the 
requirement for any public or private 
entity or individual to obtain from 
the Government a permit to abstract 
surface water or groundwater, to 
utilise it, to sell or distribute it, or to 
dispose off after use. Permitting and 
enforcement rules and regulations 
will be spelled-out accordingly. g 

(Source: Water Resource Department, GOR) 
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ShriShyam TubewellCo. 

Govt. Contractor PHED Rajasthan 



Head Office 



New Bus Stand, Shahpura, Disst. Jaipur 



Jaipur Office 



B-301, Royal Enclave, Sector-1, Vidhyadhar Nagar, Jaipur - 302023 
Ph. : 0141-3224504 Mob. : 9829215258, 9828913801 



Indira Gandhi Canal is one of 
the biggest canal projects in India and 
perhaps in the world too. It starts from 
the Harike Barrage, a few kilometers 
below the confluence of the Sutlej and 
Beas rivers in Punjab state. It runs 
south-southwest in Punjab and 
Haryana but mainly in Rajasthan for 
total 650 kilometers and terminates 
near Jaisalmer, in Rajasthan. 

Its construction started in 
1958. It is built with the aim to convert 
the part of Thar desert from wasteland 
to agricultally productive area. It was 
earlier known as Rajasthan Canal. The 
name was changed in 1984. 

It uses water released from 
Pong dam and will provide irrigation 
facilities to the north-western region of 
Rajasthan, i.e., a part of the Thar 
Desert. It consists of Rajasthan feeder 
canal (with the first 167 km in Punjab 
and Haryana and the remaining 37 km 
in Rajasthan) and 445 km in Rajasthan 
main canal entirely in Rajasthan. Green 
revolution in RajasthanAfter 
completion of Indira Gandhi Canal, 
irrigation facilities would be available in 
an area of 6770 km 2 in Jaisalmer district 



and 37 km 2 in Barmer district. Irrigation 
facility has already been provided in an 
area of 3670 km 2 in Jaisalmer district. 
The canal has transformed the barren 
deserts of Jaisalmer district into rich and 
lush fields. Crops of mustard, cotton 
and wheat now flourish in the semi-arid 
western region of the state where 
nothing but sand ruled the roost for 
years. 

Indira Gandhi canal has 
transformed northern part of Arid 
Rajasthan into Green and Granary. It 
seems to be changing the face of 
Rajasthan's deserts. Improvement in 
living standard Besides providing water 
for the crops, the canal would supply 
drinking water to hundreds of people in 
the far-flung areas. As the second stage 
of work on the canal progresses rapidly, 
there is hope that it will enhance the 
living standards of the people of the 
state. Sand dune stabilization Indira 
Gandhi Canal is a major step to reclaim 
the Thar Desert and check spreading of 
desert to the fertile areas. Planting 
programe for greening the desert in 
Indira Gandhi Canal areas were started 
in 1965 by way of planting of 



shelterbelts along roads and canals, 
block plantations and sand dune 
stabilization to check the spread of 
desert. 

The tree species being used for 
planting are Dalbergia sissoo, 
Eucalyptus terticornis, Eucalyptus 
camaldulensis, Moms alba, Tecomella 
undulata, Acacia tortilis, Azadirachta 
indica, Albizia lebbeck, Cassia fistulata, 
Popular ciliata, Melia azedarch, and 
Acacia nilotica. Environmental 
problemsThe excessive irrigation and 
intensification of agriculture over the 
years has caused environmental 
degradation and creation of new 
wastelands. Waterlogging problem has 
caused due to excessive irrigation, 
seepage from canals and lack of 
drainage. 

These factors resulted into the 
rise of water table, then development of 
salinity and finally the submergence of 
the land. Salinisation has also been 
resulted due to cultivation of more water 
requiring crops like wheat and rice for 
economic gains. • 

Jitendra Tiwari 
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RAHUL 



Rajasthan Industrial & Scientific Corporation 

(WATER METER DIVISION) 

an ISO : 9001 accredited firm 
Office & Works : 40, Industrial Area, Jhotwara, Jaipur-302012 
Tel #0141-2340272 .Fax: 2340109 

Web : www.rahulmeters.com e-mail: info(5)rahulmeters.com 



Mfrs of "RAHUL" brand ISI marked Water Meter sizes 15mm to 50mm 
& Bulk Type 50 to 150mm confirms ISO 4064 Licenced for sappel (France) 
brand water meters full range 15 to 600mmincluding electro magnetic meters 
confirming to EEC requirments Authorised & Exclusive Distributor for 
Rapp-it instant Pipe repair Bandage & Fiber Sheet.Repair pipe online with 

in 1/2 hour. Approved by The Govt. P.H.E.D. rajasthan 
"All type of Bulk meters in water supply projects/schemes Our Meters are 
available on DGS&D Rate Contract also. 



Associate Concern: 



Lax mi Machine Tools 

an ISO : 9001 accredited firm 
Mfrs. of: ISI marked C.I. Detachable Joints 80mm to 600 mm 
Office & Works : 39 Industrial Area, Jhotwara, Jaipur - 302012 (INDIA) Ph: 0141-2340272, 2345094 
Fax : 0141 - 2340109 email: laxmij oints@hotmail . com 




Presence of NGO 



The presence and role of 
voluntary organizations in social 
development has become manifold 
large and multidimensional in last 
couple of decades. There has been a 
golden history of voluntary movement 
in the state. However, there are some 
historically backward areas in terms of 
presence and outreach of voluntary 
initiatives. Vidya Bhawan Society and 
Seva Mandir in Udaipur, Social Work 
Research Centre in Ajmer and Urmul 
in Bikaner are some good examples to 
understand the evolution and 
development of the sector in the state. 

Role of NGO 

Efforts done by voluntary 
agencies are widely recognized, 
accepted and have been instrumental 
in bringing the disadvantaged into the 
development mainstream. Today the 
voluntary agencies are playing a major 
role in awareness building, organizing 
communities, trainings, service 
delivery, initiating innovations in 
development, research, planning, 
monitoring and policy reforms. These 
roles are being performed in key 
sectors like - Rural Development, 
Health and Family Welfare, Social 
Welfare, Micro-credit and 
Livelihoods, Natural Resource 
Management (Water, Forest, 
Agriculture and Animal Husbandry), 
Education, Women Development, 
Relief & Disaster Management, Social 
Security and Empowerment of 
disadvantaged people and so on. 

Departmental Support 

GO-NGO collaboration and 
partnership has now become an 
established phenomenon in 
development sphere. Some of the 
projects where involvement of NGOs 
is being sought by various departments 
are DP IP, SGSY, Rashtriya Sam Vikas 
Yojana, Innovative scheme for rural 
housing and habitat program, Day 



Care Center, Old and Destitute Home, 
Short Stay Homes, Balgrah Centers for 
destitute children, Swayam Siddha, 
ICDS, Balika Samridhi Yojana, 
National Aids Control Programme, 
Targeted Intervention, School Aids 
Education Vaccination camps, 
Reproductive and Child Health 
(RCH), Camps under Blindness 
Control Program, Pulse Polio 
Program, Rajasthan Water Sector 
Restructuring Project, Rajasthan 
Forestry and Bio-diversity project, 
Apni Yojana, National Slum 
Development Program, Swarna 
Jayanti Shahri Rozgar Yojana etc. 

A variety of initiatives are 
being undertaken for environment 
protection particularly water. The 
State Government has taken a number 
of initiatives to strengthen voluntary 
sector and to promote GO-NGO 
collaboration. Efforts are also being 
made by the state to build capacities of 
voluntary organizations. Specific 
actions taken in this regard are as 
under: - 

ARAVALI 

Association for Rural 
Advancement through Voluntary 
Action and Local Involvement 
(ARAVALI) is set up by the state for 
advancement of the voluntary 
movement in the state, as a state level 
resource support organization, 
ARAVALI puts in its efforts to build 
capacities of voluntary agencies in 
general and small and medium sized 
voluntary organizations in particular. 
It also advocates for a facilitative 
environment for GO-NGO 
collaboration. It also helps voluntary 
organizations to undertake 
innovations in development 
interventions. 

Setting Up of NGO Cell 

The Government has set up 
an NGO Cell as state level ernment 



collaborative machinery to 
institutionalize GO-NGO collaboration. 
State Level joint machinery in the form of 
Standing Committee has been 
constituted under the Chairmanship of 
the Development Commissioner with 
equal representation from NGOs, VOs 
and PRIs so as to ensure better 
coordination between the Government 
Departments and VOs/NGOs. 

District level GO-NGO-PRI forum 

For effective collaboration, 
building mutual understanding, 
appreciation, acceptance, trust and 
shared learning between the 
Government, NGOs and PRIs is a 
necessity. To fulfill this objective district 
level forum has been initiated to facilitate 
regular interaction and dialogue between 
the Government, NGOs and PRIs for 
participatory development at the field 
level by harnessing strengths of all 
agencies. Efforts are being made by 
ARAVALI to make these forums 
operational in three districts namely 
Dholpur, Baran and Jhalawar on pilot 
basis. 

Procedures and Guidelines 

The Government has developed 
draft procedures and guidelines for 
involving NGOs/VOs in Government 
programmes. The criteria and procedures 
for involvement of VOs would facilitate 
meaningful public- private partnership. 
The guidelines focus on selection criteria, 
procedures, terms and condition of the 
partnership. The initiative has been taken 
up mainly by the Rural Development 
Department and the Irrigation 
Department. 

Medical & Health Department 
has a NGO desk, to facilitate effective 
communication between the 
Government and NGOs. Some 
government departments have also 
appointed NGO advisors to deal with 
matters related to NGOs. ■ 

■ Seema Chawla 
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GOVERNMENT OF RAJASTHAN 
WATER RESOURCES DEPARTMENT 

No.: F( )SWRPD/F.54 Jaipur Dated - 14.02.2007 



NOTIFICATION 

The State Government hereby issues the following guidelines for involving Non Government Organizations (NGO) / 
voluntary organizations in water related activities / projects: 

1. BACKGROUND 

The past three decades have witnessed the emergence of Voluntary Organizations (VOs)/ Non Governmental 
Organizations (NGOs) playing a significant role in development in the country In India, central and state governments, 
agencies such as the Planning Commission have given due recognition to the role of civil society organizations. Since public 
participation is essential in the critical water resource development activities, NGOs, which are close to people, could play a 
pivotal role in mobilising and organising them. 

Objective criteria for selection of NGOs as partner, a transparent procedure and a good (clear and based on principle of 
partnership) agreement between Government and NGOs/ VOs can surely lead to a healthy partnership. 

2. OBJECTIVE 

2. 1 To involve NGOs / VOs in water related activities / projects. These guidelines would not be applicable in cases where 
specific guidelines exist for involving NGOs / VOs in different programmes / schemes of Government of India. 

2.2 To institutionalize partnership of Government with NGOs/ VOs and increase community participation in the 
ongoing, new and proposed activities.' 

2 . 3 To generate a sense of ownership among the users. 

2.4 To allow freedom in activities and innovative methods in approach. 

2 . 5 To evolve in-built provisions and mechanisms for conflict resolution. 

2.6 To prepare community to take responsibilities, in other words, the activity should start only when the community is 
prepared to play its role and assume responsibilities. 

2 . 7 To institutionalise collaboration among Government, NGOs and user groups with specific roles and responsibilities. 

3. SCOPE 

NGOs could be effective in the following areas, based on their experience, track record and professional competence : 

3 . 1 For awareness building in communities. 

3.2 Creation/ construction/ rehabilitation of works related to water conservation, harvesting, irrigation, artificial 
recharge of ground water, distribution of water for irrigation, domestic, industrial and other uses. 

3.3 To carry out survey, investigation (including sub-surface), planning, design, development and management of all water 
sector programmes being implemented by water related departments. 

3.4 Organising village institutions /user groups in the management of schemes related to water sector. 

3.5 Assessment of all water resources and demands and preparation of integrated water resources plans for demand 
management. 

3 . 6 Integration of information from various sources. 

3.7 Information, Education and Communication (IEC). 

3.8 Mobilising communities in water sector, including capacity building and institutional strengthening etc of water user 
groups to take over the maintenance, water distribution and revenue collection. This will inculcate a sense of owner 
ship among them for sustainable development. 

3 . 9 Water treatment and disposal of hazardous waste. 

3.10 Design, execution and management of minor irrigation projects such as tanks, lift irrigation systems, including 
drinking water projects. 

3.11 Monitoring and documentation of projects. 
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4. SELECTION CRITERIA FOR INVOLVING NGOs / VOs 



4.1 Eligibility 

4.1.1 NGO/VO should be registered under Societies Registration Act/ Cooperative Act/ Charitable and Religious 
Trust Act 1920/ Indian Companies Act, 1950 (Section 25).Works will be awarded to NGO / VO registered as 
above only. 

4.1.2 NGO / VO should be registered wherever required under Income Tax Act and should also quote the PAN 
Number. 

4.1.3 Registration under FCRA in case of projects involving foreign funding. 

4.2 Management Committee and Board of Trustees 

4.2.1 Adherence to provision of constitution of management Committee / Board of Trustees in the byelaws should 
be verified. The Management Committee should have clear roles and responsibilities and should have regular 
meetings as per the bylaws. 

4.2.2 The CEO or the members of the management committee should not be convicted in any criminal case. 

4.2.3 Organization should not have more than two close relatives in board i.e. Father, Mother, Children, Husband, 
Wife, Brother, Sister. Subject further to the condition that number of close relatives in the board should be less 
than 50%. 

4.2.4 It is apolitical and secular in nature. It should not be working foraparticular caste/creed/religion. 

4.3 Exclusions 

The following organizations would not be empanelled: 

4.3.1 Those lacking legal status in terms of registration under Societies Registration Act/ Co-operative 
Act/Charitable and Religious Trust Act 1 920/Public Charitable 

Trust Act/Section 25 of the Companies Act (1950). Organizations not registered although required to be 
registered under the Income Tax Act would also be excluded. NGOs not registered under FCRA would be 
excluded from projects involving foreign funding. 

4.3.2. Organizations black listed by any state and central government department / agency. 

4.3.3. Organizations whose office- bearers have been convicted of any criminal offence 

4.3.4 Organizations with poor track record in terms of time overrun and/or under performance and unsatisfactory 
work in any manner. 

4.3.5 CEO of the concerned NGO / VO should not have been penalised or involved in any criminal case. 

4.4 Information to be furnished by NGOs 

4.4. 1 . Constitution/Memorandum of Association. 

4.4.2. Legal status, along with certified copies of registration certificates under Societies Registration Act/Co- 
operative Act/Public Charitable and Religious Trust Act (1920)/ Section 25 of Companies Act (1950), and if 
applicable, registration under Income Tax Act and FCRA. 

4.4.3. Lists with occupation and addresses of office bearers /board of trustees /governing council members with the 
dates of association and relationship with other office bearers/trustees. Not more than two 
trustees/governing council members should be related to each other. 

4.4.4. Audited accounts of preceding three years. 

4.4.5. List of assets and liabilities duly certified by C. A.. 

4.4.6. Annual reports of activities of preceding three years, with specific details of water sector achievements. 

4.4.8. List of experts with qualifications, experience andlast assignment/ employment on panel. 

4.4.9. A short write up on the founder(s)' purpose, vision, mission and goals of the organization. 

4.4. 10. Record of criminal conviction and pending cases, against the office bearers, if any (The Chairman / 
President/ Head or Members of the Governing Body / Executive Body of the NGO/VO should not have been 
convicted under any criminal case by any court of law in the country.) 

4.4. 1 1 .Details of the cases pending in any court of law against the Chairman / President/ Head or Members of the 

Governing Body / Executive Body of the NGO/VO. 
4.4. 12. Desired category general / professional. 

4.4.13 Details of blacklisting or penal action taken in the past by any government or international agency of the CEO 
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of the NGO/VO or NGO/VO, if any. 
4 AAA Certificate of performance from previous agency or evaluation report(s) of previous projects implemented, 
particularly, from independent agencies. 

4.4.15 If the NGO/VO is registered under Foreign Contributions Regulation Act (FCRA) the same should be 
disclosed with details pertaining to receipt of funds in the past and activities carried out using these funds. 

4.4.16 The NGO / VO should furnish details of ongoing works/activities with them. 

5. EXPERIENCE 

5 . 1 Project Implementation 

5.1.1 The organization should have an experience of minimum 3 years after registration in the relevant activity. 

5.1.2 The organization should have ability to plan, implement and monitor specific projects and programmes in a 
participatory framework. 

5.1.3 They should be integrating the gender component in their work and address the issue of social equity in their 
programmes. 

5.2 Financial Status 

The organization should have a sound and sustainable financial position. The NGO/ VO should have utilized funds 
/ implemented programmes continuously for the last 3 years and to minimum level of Rs. 10 lakh in any of last 3 
years. This can be suitably reduced by Relaxation Committee keeping in view the project cost and implementation 
period. 

5.3 Location 

.5.3.1 NGOs / VOs with local experience should be preferred. 

5.3.2 The NGO / VO should have a separate and functional office. 

5.3.3 NGOs located outside state with adequate experience can be considered on merits. 

6 CAPACITY 

6.1 Manpower 

6.1.1 Core (including Chief Executive, (CE)) 

6.1.1.1 The Voluntary Agency should have 2 regular full time staff members, besides CEO. 

6.1.1.2 Its chief functionary / Secretary should be a full time worker of the organization. 

6.1.1.3 Presence of adequate female staff in the organization shall be desirable. 

6.1.2 Augmentation 

6.1.2.1 AD may prescribe additional manpower requirement for meeting specific project needs. 

6.1.2.2 NGO / VO maybe required to detail out proposed augmentation in this backdrop. 

6.2 Mobilization of Resources 

6.2.1 Fund Mobilization 

6.2.1.1 The NGO / VO should have capacity to mobilize funds from donors, beneficiaries or contribution from 
public. 

6.2. 1 .2 The NGOs are expected to mobilize the funds equal to 10 per cent of the total cost of the project in the 
tribal areas and equal to 20 per cent of cost of project in the non-tribal areas from the community or their 
own sources. The community contribution to the project cost could be in cash or in labour or in kind. 

6.2.2 Community Mobilization and Peoples' Participation During field assessment, the appraisal must assess 
community's role in decision-making in the activities done by the organization in the village. 

6 . 3 Physical Infrastructure 

The basic infrastructure of the Organization should be in place. 
(Office furniture, equipments, tools and implements etc.) 

7. CREDIBILITY 

7.1 Performance 

7.1.1 The organization should have good track record which should be supported by certificate from the 
concerned offices, where it has worked earlier. 

7.1.2 The NGOs / VOs should not be in the list of organizations blacklisted by CAPART / CSWB / Government 
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or any donor agency during last three years. 

7.2 Accountability 

7.2.1 NGOs / VOs should have a proper system of accounting and manpower management. 

7.2.2 The organization must have a regular system of auditing of accounts. 

7 . 3 Evaluation, Impact Studies and Findings 

The track record of the organization can be seen from the previous projects carried out by the organization and 
evaluation reports of these projects. 

8. CATEGORIZATION 

Keeping in view all the above listed parameters, NGOs/ VOs can be categorized by the AD. 
8. 1 Categories for Selection Interested organizations would be selected under the following two categories: 

8.1.1 General: Only those organizations, which have worked in any water related sector and possess 
experience in creating awareness, organizing communities for participatory creation / rehabilitation of 
existing schemes of irrigation/ domestic water supply /water harvesting and conservation / minor 
irrigation development and management including community lift irrigation project / watershed 
development and management / artificial recharging of ground water / integrated water resources 
development (surface and ground water) and subsequent operation, maintenance and management and 
have executed construction works in a participatory manner should be empaneled in this category. 

8.1.2. Professional: Organizations which possess strong professional capacity in terms of highly qualified and 
experienced manpower and long-standing proven track record in any of the fields related to water sector 
should be empaneled under this category. 

9. PROCEDURE FOR REGISTRATION 

9. 1 Call for Expression of interest (including terms of reference) providing registration of NGOs / VOs (through 
open advertisement) 

9.1.1 The concerned department/project authorities shall invite application from the NGOs / VOs for 
registration. 

9.1.2 Any NGO / VO desirous to be registered may apply to the Chairman of the State-level Registration 
Committee for registration enclosing all the required information as stated in clause 4.4 above. The State 
Level Registration Committee shall comprise of the following:- 

Principal Secretary, Water Resources (Chairman) 

Secretary PHED 

Secretary, Rural Development 

Secretary, Finance (Expenditure) 

Secretary, Water Resources; (Member Secretary) 

An expert in integrated water management (to be nominated by GoR) : 

9.1.3 Project authorities may also organize an interface meeting with potential NGOs at the district / state 
level. 

9.2 Shortlisting 

9.2.1 NGO / VO who submit their application for registration shall be short listed and ranked according to the 
scores obtained by them as per evaluation criteria mentioned below: - 

9.2.2 Marking 

The Table below shows the marking scheme: 



No Criterion Marks 

1 Governance and management 25 

Governing body meetings held as per by-laws 5 

Activities in accordance with objectives, vision, mission and goals 5 

Budgets and annual plans approved by board 5 

Democratic, participatory and transparent 5 

Transparency in functioning 5 
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2 Reputation and rapport 15 

Community 5 

Local elected representatives 5 

Government 5 

3 Organisational systems 20 

Role clarity among staff 3 

Maintenance of financial records and statements 5 

Audited accounts for last three years 4 

Publication of annual reports 4 

Perspective/strategic plans 4 

4 Outreach to community 10 

Number of households (minimum 10,000) 3 

Number of villages (minimum 100) 4 
Number of community institutions established and surviving 

(1 mark for every 2 organisations) Max 3 

5 Full-time manpower 35 

Number of full time staff (1 mark for every 2) Max 5 
Professionals (technical, engineers, agriculture scientists, environment specialist) 

(1 mark for every 2) Max 10 

Social scientists (post graduate) (1 mark for every 2) Max 5 

Community organisers (2 marks for every 3) Max 5 

General graduates (1 mark for every 2) Max 5 

Number of female staff (1 mark for each) Max 5 

6 Financial robustness last year (finance availability, 1 mark for every Rs 5 lakh) 20 

7 Quality and quantity of works completed 45 

Community organisation promoted (1 mark for every 5) 10 

Construction/rehabilitation work (1 mark for every 3 works) 15 

Maintenance and post project management (1 mark for every 3 works) 15 

Project impact (2 for each project studied in last 3-4 years) 5 

8 Familiarity with work area 45 

Working in the same district (5 marks for each year) 25 

Working in Rajasthan (3 marks for each year) 15 

Working elsewhere 5 

9. Experience in water sector 85 

Water harvesting and/or distribution for drinking, irrigation, , such as small 

dams /anicuts /pick-up weirs and canals (1 mark for each work) 35 

Village johar/pond (1 mark for each pond) 10 

Community lift irrigation schemes (1 mark for each scheme) 15 

School/community building water harvesting (1 mark for each) 5 

Water harvesting and recharging of groundwater (1 mark for each) 10 

Watershed development and management (1 mark for each) 10 
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Notes : 1 . Higher weightage is given to manpower available, quality and quantity of work carried out, familiarity with the work 
area and experience in the sector; 

2 . Out of the total 300 marks, the NGO who score a minimum 150 marks will be eligible to take a work upto Rs. 1 5 lac 
and who score a minimum of 210 marks will be eligible for the works above Rs. 251ac. NGOs scoring more than the 
minimum required may be given preference in allocation of the works. NGOs working in the water sector for more 
than 25 years may be given an additional 25 marks; another 25 marks may be given to NGOs which have 
implemented more than 1 50 community water resources systems; 

3. While the above marking system will be generally applicable. However, special category of NGOs mentioned in 
8.1.2 above may be considered for registration without adopting the process of appraisal, taking them as 
distinguished NGOs with proven track record. The later part of point 2 above in this note for additional marks for the 
exceptional experience and achievements would give an edge to exceptional NGOs; 

4. The government/concerned department should strictly adhere to the marking system and other provisions provided 
in the guidelines so that only deserving NGOs are encouraged. 

5 . The selection process shall be fully transparent 

9 . 3 Appraisal and Exceptions 

9.3.1 Short listing and categorization of NGOs may be attempted by evaluation of the technical capability and 
financial standing of NGOs. 

9.3.2 The appraisal exercise on the basis of above marking system may be carried out promptly, preferably 
within 60 days of submission of the application. The State Level Registration Committee may review 
Appraisal Report, if considered necessary for which a team of at least three officers should visit the short- 
listed NGOs. The team should include at least one officer with experience of working with NGOs; others 
should have adequate technical and financial experience. The appraisal team should visit offices and the field 
of working of the NGOs and should hold discussions with the community and the staff of the organization. 
The appraisal team must give its assessment report with scores on each of the parameters listed above. 

9.3.3 In deserving cases with exceptional experience, this exercise may be dispensed with substantive justifications, 
so that the proposal and work of the deserving NGOs is not delayed on account of such process. Some such 
exceptions are listed below. 

♦ Highly experienced and reputed NGOs with a minimum of 10-15 years of experience in the field and proven track 
record may not be subjected to an elaborate appraisal exercise, such as visiting the organization. They may be 
empanelled on the basis of information furnished and corroborated with documentary proof. 

♦ Similarly, verification of the standing of NGOs implementing ongoing water sector programmes satisfactorily may 
not be necessary. 

♦ Concerned authority may dispense with the initial site verifications and other requirements for NGOs with proven 
track records in the water sector. 

9.3.4 The NGO / VO who secures at least 150 marks will only be taken as qualified for registration. However those 
NGO/VO who fail to qualify for registration will be entitled to seek registration as and when they become 
qualified. 

9.3.5 Having appraised and assessed as above, the State Level Registration Committee shall register all those NGO 
/ VO who qualify and the decision taken by the Committee in this regard shall be final. 

9.4 PROJECT APPROVAL 

9.4.1 Registered NGO /VO may submit the project proposal to the District Level Project Approval Committee 
comprising of following:- District Collector (Chairman) Chief Executive Officer, ZP District Level Officer of 
the Project related Department Accounts Officer at District level of the Project related Department. 

9.4.2 While preparing the project proposal, NGOs should: 

9.4.2. 1 Choose one or a group of Panchayat(s) in the district which is/ are most problematic in terms of water 
resource availability and/ or management. They may consult the concerned Executive Engineer, 
people's representatives and members of PRIs and other knowledgeable people of the area; 

9.4.2.2 Collect all relevant information, such as inventory of water resources or prepare the same, topo maps, 
ground water quality data, population and land statistics, details of existing water harvesting structures 
and information on proposed or identified projects for irrigation, water harvesting, watershed 
development and other water conservation related works. 

9.4.2.3 Identify water-related problems and prepare plans for development of water resources including 
rehabilitation of existing works. While preparing plan for water resources development, availability of 
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safe and potable water for drinking should be ensured. 
9.4.3 The following type of works can be included: 

♦ Awareness-building in the communities. 

♦ Capacity-building of water users' associations. 

♦ Construction/restoration of dam for irrigation or supply of drinking water upto a capacity of 1 0 Mcft. Dams 
of larger capacity could also be considered keeping in view of the capacity and track record of NGO with 
specific permission of Relaxation Committee. 

♦ Construction/restoration of village tank or nadi. 

♦ Anicut/pickup weir/check dam/sub surface barrier for irrigation and or artificial recharging of 
groundwater. 

♦ Watershed development works. 

♦ Construction of water harvesting and conservation structures. 

♦ Any other type of water harvesting and conservation structures for community. 

♦ Rehabilitation/Maintenance of the works executed by various water sector departments. 

♦ Maintenance and operation of minor irrigation and drinking water projects. 
9.4.4. Not to contravene State and District Water Resources Plan 

9.4.5 All the proposals will be examined by District Level Project Approval Committee and thereafter submitted to 
the State Level Project Approval Committee with its recommendation for approval. 

9.4.6 The State Level Project Approval Committee comprising of the following will consider and approve works- 

Pr. Secretary, Water Resources - Chairman 

Secretary, PHED Secretary, 

Rural Development Secretary, 

Agriculture Secretary of the concerned Department 

Head of Department (HoD) of the concerned Department 

Two experts in water sector/ community organization (to be nominated by GoR) 

FA/CAO of the concerned Department 

Chief Engineer, Water Resources Department - Member Secretary 

9.4. 7The projects costing above Rs. 1 00 lac would be approved by the State Government on the recommendation of 
the Relaxation Committee. 

9.4.8No NGO will be allowed to take up more than one work/ scheme inadistrict. However, additional works may 
be allotted after seeking due approval of the State Government on the recommendation of the Relaxation 
Committee. 



9.4.9 Relaxation Committee 



9.4.9.1 Any relaxation to the conditions regarding registration/ allocation of works etc. to any NGO/ VO may 
be given by the State Government on the recommendation of the Relaxation Committee comprising 
of the following: 



Addl.Chief Secretary (Infra.) 
Principal Secretary Finance/ 
Secretary Finance 
Pr. Secretary, PR&R.D./ 
Secretary, R.D. 

Pr. Secretary/ Secretary of the concerned Department 
Pr. Secretary/Secretary, W.R. 



Chairman 

Member 

Member 
Member 

Member-Secretary 



N«tc: State Government would mean concerning Administrative Department. 



9.5 Conflict resolution mechanism 

Any dispute arising between the NGO and the project authority during the course of execution may be resolved as per 
the provisions of agreement (Annexure -1). However in case the dispute remains still unsolved, the matter may be 
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referred by the District level dispute resolution committee to the State Level Project Approval Committee upon whose 
recommendation the State Govt, shall take a decision which will be final and binding on both the parties. 
9.6 Assignment of job and signing Agreement 

After final evaluation of the project proposal the task would be assigned to the respective organizations. The agreement 
between the two parties would be signed in the format at Annexure 1 . 

10. PROJECT IMPLEMENTATION 

10.1 Timely execution of projects must be ensured. For this purpose, a detailed project implementation plan needs to be spelt 

out considering following points : - 

10.1.1 Undertake surveys and necessary investigations according to the type of work for preparation of detailed 
designs and reasonable estimates of cost. Wherever necessary, detailed analysis of rates adopted should also 
be enclosed. The proposal should ensure maximum possible use of local materials of construction, skills and 
labour; 

10.1.2 Prepare detailed plans for mobilisation and formation of organisations and cost estimates for such 
mobilisation; 

10. 1 .3Prepare work-plans, schedules of physical progress of works and schedules of 
reimbursement/payments; 

10. 1 .4 Prepare exit policy; and 

10.1.5 Get approval of the community and submit the proposal to Executive Engineer of the concerned department 
in the district (in case of rural development department, CEO or the officer designated by the department). 
During the course of execution, subletting of any activity other than involving skill not locally available would 
not be permitted. Proposals that do not provide for community's responsibility for maintenance and operation 
on a sustainable basis and a community participation of a minimum of 10 per cent of the project cost should 
not be entertained. 

10.2 Release of Funds Funds released would be as under: - 

Installment Amount First (on award of the work) 20%Second (on using 75 percent of first installment) 30%Third (on 
using 75 per cent of first and second installments with 40% physical progress and at least 50% of NGOs/VOs 
Contribution) 40%Final (on satisfactory completion of the project) 10 %The above installments are in respect of 
amount payable to the NGO (80 % or 90 %of the project cost as the case may be). This is applicable to the projects, 
which has completion period of more than six months Funds allotted for the execution of works to the NGOs will be 
subject to ceiling within the plan head. It would be relevant to note the following: 

(1) The above installment amounts would be calculated on the basis of projected annual expenditure. 

(2) Where projects are of the less than 6 months duration, the first installment can be given up to 30% the second being up to 
75%. 

(3) Release of an installment (except first) would be after utilisation of 75% of previous installment after verification of 
physical progress. 

(4) AD must ensure that the funds released are secured and used for the purpose for which it is given. For this a separate 
bank account for each scheme/project would be opened by the NGO/ VO and the details of the bank account would be 
intimated by the NGO / VO to the concerned AD. 

An effective monitoring system should be set up to monitor the financial and physical progress of the project based on 
which the subsequent installments would be released on time. For this purpose, a Nodal Officer for every project shall 
be appointed by the concerned Administrative Department who shall monitor the physical and financial progress of 
the project from time to time and submit his reports to the Project Authority who shall release the installments in the 
light of his reports. 

10.3 Physical and Financial Progress Project is to be monitored at least on quarterly basis. A team may be set up for 
interacting with the NGOs. The government would also have right to inspect financial accounting records and also 
expect audited accounts of NGO within 6 months of next financial year after completion of project. 

10.4 Completion Certificate / Utilization Certificates (UC) 

10.4.1 The NGO / VO would submit detail of the work executed and a project completion report explaining the 
outputs achieved etc. 

10.4.2 The Department would carry out a field visit to verify and check the claims and would issue a project utilisation 
certificate / completion certificate after proper entry of detailed measurements in measurement book which 
shall be duly checked. 
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1 1 . PROJECT COMPLETION 

11.1 Assets would be transferred to the State Government after one year of completion of the Project or to the Local Body / 
Community Organisation as per decision of the State Government. 

11.2 In case, subsequent maintenance envisages handing over of the asset to the Local Body/ Community / Beneficiaries, 
concerned Administrative Department may do so. 

11.3 Exit policies are to be prepared by the NGO / VO and should form part of Detailed Project Report (DPR) / agreement. 

12 The estimates should be sanctioned on schedule of rates as applicable in Rural Development Department. In case any 
item not covered under the BSR of Rural Development Department, the BSR of the concerned department will be 
applicable. 

1 3 All the statutory deductions such as Income Tax, Sales Tax etc. may be deducted from the payments made to the NGOs 
and credited to the concerned head of account. Other legal obligations shall also be met by the NGOs. 

14 In case the NGO fails to start work or leaves it in between or does not maintain the quality of work, then the work will 
be withdrawn from him by the project approval committee after giving opportunity of hearing and recovery will be 
made under PDR Act. Such NGO will also be blacklisted. 

1 5 The NGOs will be able to withdraw only after one year of completion of the work. However, before doing so they will 
have to ensure that the stakeholders have taken over the work for its maintenance. During this one-year period after 
completion, the created asset should be maintained by NGO/ VO to give satisfactory performance. 

1 6 The NGO shall exclusively utilize the funds released to it only for the project. No amount shall be diverted for any other 
purpose not related with the execution of the project. 

1 7 The Government may issue appropriate direction from time to time with regard to seeking involvement of NGO/VO 
in execution of Projects and such direction will have overriding effect. 

By Order 
(N.K. Gupta) 
Dy. Secretary (Project) to the Govt. 
Water Resources Department 

AGREEMENT NO- ANNEXURE 

1 YEAR- AGREEMENT FOR EXECUTION OF WATER SECTOR PROGRAMMES BY NGOs / VOs 
UNDER GOVERNMENT DEPARTMENT 



Articles of Agreement 

(1) This deed of agreement made in the form of agreement on between the Executive Engineer/ Chief 

Executive Officer on behalf of the Governor of Rajasthan (Herein after referred to as the First Party) 

and CEO/director of NGO / VO Village District. ( 

Herein after called as Second Party) on the terms and conditions laid in following clauses- 

(2) Scope of Contract 

This contract/agreement pertains to execution of (Name of work) . It is clarified that First 

Party shall be owner of such works and Second Party shall act as custodian of the same. 

(3) Cost of Contract 

The total cost of the work (Herein after referred to as the "total cost.") is Rs 

(Rupees )and is based on Rural Development Department BSR of the District. 

(4) Duties and Responsibilities 

The broad terms and conditions of this agreement are as under- 

4.1 That, the First Party, in making it's decision to get above work executed through the Second Party, has given due 
consideration to the claims of the Second Party about it's non profit making non Government set up, having best 
technical expertise and it's high objectives of improvement of living conditions of socially and economically weaker 
section of the society and rural people through land and water 

resources development. The Second party therefore assures the First Party to maintain the claimed standards in all 
respects. 

4.2 That, the Second Party shall prepare and submit the designs, drawings and specifications for the said work and shall 
execute the work after obtaining approval of the same from competent authority. 

4.3 The First party agrees to pay the total cost of the project to the Second party in installments as under- 20% - First (on 
award of the work ) 30% - Second (On using 75% of first installment) 
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40% - Third (On using 75% of first and second installments with 40% physical progress and at least 50% of second 
party's contribution) 10% - Final (On satisfactory completion of the project) These percentage installments are in 
respect of amountpayable to the NGO / VO(80%or 90% of the total project cost as the case may be). 

4.4 The Second Party will start the work immediately on the release of first installment and will complete the project within 
time. However, if there are circumstances beyond the control of the Second Party, the period may be extended by the 
State Level Project Approval Committee where project sanctioned by District Level Committee and by Relaxation 
Committee where project was sanctioned by State Level Committee with recorded justifications. 

4.5 In case the Second party fails to start the work or leaves it in between or does not maintain the quality of work, then the 
work will be withdrawn from him and recovery will be made under PDR Act. If needed FIR may also be lodged. The 
Second Party will be blacklisted for future. 

4.6 The Second Party shall exclusively utilize the funds released to it for the project. No amount shall be diverted for any 
other purpose not related with the execution of the project. 

4.7 All the statutory deductions such as income tax, sales tax etc may be deducted from the payments made to the Second 
Party and credited to the concerned head of account. The Second Party must ensure that all the taxes are also paid at 
required stages. 

4.8 On completion of the project, the second Party will ensure the operation and maintenance of the project by forming an 
organization of beneficiaries. The Second Party will provide training to the beneficiaries for the maintenance of the 
project. 

4.9 The construction work will duly supervised and check- measured by the competent authority of the Technical 
Department as may be decided by the First party. The Second Party will maintain the necessary measurement books 
and also furnish the completion certificate, supported by the final MBs. The MBs could be verified by the Technical 
Department authorized by the First party. Similarly, on completion of the project, the accounts duly certified by the 
Charted Accountants would be submitted by the Second Party to the First Party. 

4.10 The Second Party will use material as per specifications and ensure technical soundness of the project. The Second 
Party will maintain full transparency in the purchase of materials etc. 

4.11 If there is any saving on completion of the project, the benefit of the same will go to the Government. Similarly, in extra 
ordinary circumstances of variation in the market rates of major items like cement, steel etc., the adjustment/ variation 
would be considered as per provisions of PW&FAR formula with full justifications for the projects costing more than 
Rs. 50.00 lacs with completion period more than 6 months. 

4.12 The First Party will ask for necessary explanations and justifications, if the progress is not satisfactory or the amount is 
not utilized properly by the Second party. The First Party will have the right to terminate the agreement after giving one- 
month notice, if satisfactory explanations are not provided by Second Party. The Second Party will refund the balance 
amount to the First Party with interest of 18%. Similarly, if proper cash flow is not provided by the First Party after using 
successive installment and there is lack, of support from the government departments resulting in slow progress, the 
Second Party will refer the matter to the committee constituted under this agreement 

4.13 All the books of accounts, registers of assets created and other material information relating to utilization of funds shall 
be made available by the Second Party for inspections and scrutiny to first Party as and when asked for. 

4.14 The First Party reserves the right to levy interest by way of penalty on the amount sanctioned and disbursed in the event 
of continued default in terms and conditions of the agreement by the Second Party. 

4.15 The Second Party must produce the Utilisation and Completion certificate alongwith audited accounts to the First 
party within 6 months after stipulated completion period. 

4. 16 In case of any dispute arises between the parties during the course of execution of the project the same shall be referred 
to the following dispute resolution committee : 

District Collector ( Chairman ) 

Chief Executive Officer, Zila Parishad Member Secretary 
Representative of Technical department Representative of Second Party 

4.17 The member Secretary shall place the matter before the committee and committee after hearing both the parties and 
looking into the relevant record amicably resoled the dispute or difference between the parties within a period of one 
month from the date of receipt of the matter. 

This agreement has been executed on at by both the parties. 

First Party: 
Second Party: 

Witness : 1 . Name & Signature 

2. Name & Signature 
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Water conservation 



Traditional 
Management 
of Water 



Our ancient religious texts and 
epics give a good insight into the water 
storage and conservation systems that 
prevailed in those days. Over the years 
rising populations, growing 
industrialization, and expanding 
agriculture have pushed up the demand 
for water. Efforts have been made to 
collect water by building dams and 
reservoirs and digging wells; some 
countries have also tried to recycle and 
desalinate (remove salts) water. Water 
conservation has become the need of 
the day. The idea of ground water 
recharging by harvesting rainwater is 
gaining importance in many cities. 

In the forests, water seeps 
gently into the ground as vegetation 
breaks the fall. This groundwater in 
turn feeds wells, lakes, and rivers. 
Protecting forests means protecting 
water 'catchments'. In ancient India, 
people believed that forests were the 
'mothers' of rivers and worshipped the 
sources of these water bodies. 

Some ancient Indian methods 

The Indus Valley Civilization, 
that flourished along the banks of the 
river Indus and other parts of western 
and northern India about 5,000 years 
ago, had one of the most sophisticated 
urban water supply and sewage systems 
in the world. The fact that the people 
were well acquainted with hygiene can 
be seen from the covered drains 
running beneath the streets of the ruins 
at both Mohenjodaro and Harappa. 
Another very good example is the well- 
planned city of Dholavira, on Khadir 
Bet, a low plateau in the Rann in 
Gujarat. One of the oldest water 
harvesting systems is found about 130 
km from Pune along Naneghat in the 




Western Ghats. A large number of 
tanks were cut in the rocks to provide 
drinking water to tradesmen who used 
to travel along this ancient trade route. 
Each fort in the area had its own water 
harvesting and storage system in the 
form of rock-cut cisterns, ponds, tanks 
and wells that are still in use today. A 
large number of forts like Raigad had 
tanks that supplied water. In ancient 
times, houses in parts of western 
Rajasthan were built so that each had 
a rooftop water harvesting system. 

Rainwater from these 
rooftops was directed into 
underground tanks. This system can 
be seen even today in all the forts, 
palaces and houses of the region. 
Underground baked earthen pipes 
and tunnels to maintain the flow of 
water and to transport it to distant 
places, are still functional at 
Burhanpur in Madhya Pradesh, 
Golkunda and Bijapur in Karnataka, 
and Aurangabad in Maharashtra. 

Rainwater harvesting 

In urban areas, the 
construction of houses, footpaths and 
roads has left little exposed earth for 
water to soak in. In parts of the rural 



areas of India, floodwater quickly 
flows to the rivers, which then dry up 
soon after the rains stop. If this water 
can be held back, it can seep into the 
ground and recharge the groundwater 
supply. 

This has become a very 
popular method of conserving water 
especially in the urban areas. 
Rainwater harvesting essentially 
means collecting rainwater on the 
roofs of building and storing it 
underground for later use. Not only 
does this recharging arrest 
groundwater depletion, it also raises 
the declining water table and can help 
augment water supply. Rainwater 
harvesting and artificial recharging 
are becoming very important issues. It 
is essential to stop the decline in 
groundwater levels, arrest sea-water 
ingress, i.e. prevent sea-water from 
moving landward, and conserve 
surface water run-off during the rainy 
season. 

Town planners and civic 
authority in many cities in India are 
introducing bylaws making rainwater 
harvesting compulsory in all new 
structures. No water or sewage 
connection would be given if a new 
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SAVE WATER 

Simple techniques can be used to reduce the demand for water. The underlying principle is that only part of the rainfall or irrigation water is taken up by plants, the rest 
percolates into the deep groundwater, or is lost by evaporation from the surface. Therefore, by improving the efficiency of water use, and by reducing its loss due to evaporation, we can 
reduce water demand. There are numerous methods to reduce such losses and to improve soil moisture. Some of them are listed below. Mulching, i.e., the application of organic or 
inorganic material such as plant debris, compost, etc., slows down the surface run-off improves the soil moisture, reduces evaporation losses and improves soil fertility. Soil covered by 
crops, slows down run-off and minimizes evaporation losses. Hence, fields should not be left bare for long periods of time. Ploughing helps to move the soil around. As a consequence it 
retains more water thereby reducing evaporation. Shelter belts of trees and bushes along the edge of agricultural fields slow down the wind speed and reduce evaporation and erosion. 
Planting of trees, grass, and bushes breaks the force of rain and helps rainwater penetrate the soil. Fog and dew contain substantial amounts of water that can be used directly by adapted 
plant species. Artificial surfaces such as netting-surfaced traps or polyethylene sheets can be exposed to fog and dew. The resulting water can be used for crops. Contour farming is adopted 
in hilly areas and in lowland areas for paddy fields. Farmers recognize the efficiency of contour-based systems for conserving soil and water. Salt-resistant varieties of crops have also been 
developed recently. Because these grow in saline areas, overall agricultural productivity is increased without making additional demands on freshwater sources. Thus, this is a good water 
conservation strategy. Transfer of water from surplus areas to deficit areas by inter-linking water systems through canals, etc. Desalination technologies such as distillation, electro- 
dialysis and reverse Agricultureosmosis are available. Use of efficient watering systems such as drip irrigation and sprinklers will reduce the water consumption by plants. 



building did not have provisions for 
rainwater harvesting. Such rules 
should also be implemented in all the 
other cities to ensure a rise in the 
groundwater level. 
Realizing the importance of recharging 
groundwater, the CGWB (Central 
Ground Water Board) is taking steps to 
encourage it through rainwater 
harvesting in the capital and elsewhere. 
A number of government buildings 
have been asked to go in for water 
harvesting in Delhi and other cities of 
India. 

All you need for a water 
harvesting system is rain, and a place to 
collect it! Typically, rain is collected on 
rooftops and other surfaces, and the 
water is carried down to where it can be 
used immediately or stored. You can 
direct water run-off from this surface to 
plants, trees or lawns or even to the 
aquifer. 

Some of the benefits of 
rainwater harvesting are as follows 
Increases water availability 
Checks the declining water table 
Is environmentally friendly 
Improves the quality of groundwater 
through the dilution of fluoride, 
nitrate, and salinity 
Prevents soil erosion and flooding 
especially in urban areas. 

Conservation of water in the 
agricultural sector is essential since 
water is necessary for the growth of 
plants and crops. A depleting water 
table and a rise in salinity due to 
overuse of chemical fertilizers and 
pesticides has made matters serious. 
Various methods of water harvesting 
and recharging have been and are being 
applied all over the world to tackle the 



problem. In areas where rainfall is low 
and water is scarce, the local people 
have used simple techniques that are 
suited to their region and reduce the 
demand for water. 
In India's arid and semi-arid areas, the 
'tank' system is traditionally the 
backbone of agricultural production. 
Tanks are constructed either by 
bunding or by excavating the ground 
and collecting rainwater. 

Rajasthan, located in the 
Great Indian Desert, receives hardly 
any rainfall, but people have adapted 
to the harsh conditions by collecting 
whatever rain falls. Large bunds to 
create reservoirs known as khadin, 
dams called johads, tanks, and other 
methods were applied to check water 
flow and accumulate run-off. At the 
end of the monsoon season, water 
from these structures was used to 
cultivate crops. Similar systems were 
developed in other parts of the 
country. These are known by various 
local names 3 A jal talais in Uttar 
Pradesh, the haveli system in Madhya 
Pradesh, ahar in Bihar, and so on. 

Water conservation 

The most important step in 
the direction of finding solutions to 
issues of water and environmental 
conservation is to change people's 
attitudes and habits 3 /4this includes 
each one of us. Conserve water 
because it is the right thing to do. We 
can follow some of the simple things 
that have been listed below and 
contribute to water conservation. 
Try to do one thing each day that will 
result in saving water. Don't worry if 
the savings are minimaPAevery drop 



counts! You can make a difference. 
Remember to use only the amount 
you actually need. Form a group of 
water-conscious people and 
encourage your friends and 
neighbours to be part of this group. 
Promote water conservation in 
community newsletters and on 
bulletin boards. Encourage your 
friends, neighbours and co-workers to 
also contribute. 
Encourage your family to keep 
looking for new ways to conserve 
water in and around your home. 
Make sure that your home is leak-free. 
Many homes have leaking pipes that 
gounnoticed. Do not leave the tap 
running while you are brushing your 
teeth or soaping your face. 
See that there are no leaks in the toilet 
tank. You can check this by adding 
colour to the tank. If there is a leak, 
colour will appear in the toilet bowl 
within 30 minutes. (Flush as soon as 
the test is done, since food colouring 
may stain the tank.) Avoid flushing 
the toilet unnecessarily. Put a brick or 
any other device that occupies space 
to cut down on the amount of water 
needed for each flush. When washing 
the car, use water from a bucket and 
not a hosepipe. Do not throw away 
water that has been used for washing 
vegetables, rice or dals 3 /4use it to water 
plants or to clean the floors, etc You 
can store water in a variety of ways. A 
simple method is to place a drum on a 
raised platform directly under the 
rainwater collection source. You can 
also collect water in a bucket during 
the rainy season. ■ 

Compiled by : CMRD TEAM 
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What is RWH ? 



Rain Water Harvesting is a way to capture the rain 
water when it rains, store that water above ground or charge 
the underground and use it later. This happens naturally in 
open rural areas. But in congested, over-paved metropolitan 
cities, we need to create methods to capture the rain water. 
A sample urban installation - Roof rainwater collection - in 
a metropolitan city 

♦ If you live in a single dwelling house or a multi-tenant 
apartment complex, you already have 80% of the 
RWH system. We just need re-orient the plumbing 




design. 

♦ The present design of the house will take all the 
rainwater from the roof and all the ground level areas 
surrounding the house and flow the water towards the 
street, (where it floods the street, clogs the storm 
drains and sewer lines for a few days, before flowing 
away as sewage water) 

♦ From the roof tops, bring the rainwater down using 
closed PVC pipes and direct it to a sump. Include a 
simple 3-part filteration unit consisting of sand, brick 
jelly and broken mud bricks 

♦ If you do not have sump, use a well. In many parts of 
the country, old wells when they go dry, is used as 
garbage dumps. Please clean the well and put the rain 
water into it. 

♦ If you do not have a well, construct a baby well (about 
2ft in diameter and about 16 feet deep based on soil 
structure) 

♦ Other types of RWH - collect the ground water and 
stop their flow at the gate. Put a concrete slab with 
holes in it, build a 2 feet deep pit, across the full width 



of the gate. Collect and connect a pipe and flow the 
water to a well or a baby well. 
Costs 

All costs are subject to local variations in different parts of 
India. Use these figures for budgetary purposes only. 

♦ Most often, the cost is from the PVC pipes. A 4" 
diameter PVC pipe costs Rs xx per linear foot. A 5" 
pipe costs lot more than a 4" pipe. 

♦ If you do not have a sump, include about Rs 5 per 
litre of water storage. So, a 10,000 litre size sump 
will cost Rs 50,000. (For a family of 4, using about 
80 litres per day per person, this 10,000 litre size 
sump will contain 1 month's water needs for this 
family. 

♦ If you do not have old style well - 6' to 8' diameter 
and about 60 feet deep, it will cost about Rs 5,000. 

♦ If you wish to construct a baby well, it may cost 
around Rs 2,500 

Benefits 

♦ A water tanker bringing water from unknown sources 

and untested for its quality will cost about Rs 1 000 to 
Rs 2500 for 10,000 litres of water. 

♦ You cannot put a price on 'peace of mind' knowing 
that you have water for a month. 



Did you know that. . 




♦ A well is not for storing water. The well connects the 
surface to the underground water sources. Based on 
the underground water availability during a rainy 
season, the water level in the well will go up and 
down. ■ 

Compiled by : H. Joshi 
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EFFICIENT USE OF GROUNDWATER 



SOME THOUGHTS & ACTION POINTS 




O. R MATHUR 

Baring 
certain area of 
arid region 
where the annual 
rainfall received 
is low and erratic 
sufficient annual 
rainfall of clean 
water is received 
in Rajasthan. 
One of the important limitation of the 
rainfall is that most of it is received 
during a short period of rainy season 
starting from mid June and terminating 
by mid September. In Western 
Rajasthan this period is further gets 
reduced to July and August only Many 
times it is coupled with erraticity and 
prolonged dry spells. As per Human 
Development Report of United 
Nations, populations of human beings 
facing the water crisis will rise from 8 
millions to 30 millions with in the next 
25 year. It is now clearly visible that 
wars in future would be fought for 
water. 

Drinking Water Sources 

Dependence on ground water 
for drinking water supply is very high 
and about 90% requirement is met from 
ground water. The use of water for 
domestic purposes like washing floors, 
cleaning utensils, kitchen, washing 
clothes, toilets, bathing etc. is 
considerably high and in many cases 
excessive and full of wastage. 

Status of Water Resources 

Total available cultivable land 
in the state is about 257 lac hectares. 
Out of total potential area which can be 
irrigated is 51.0 lac ha while irrigation 
potential so far exploited is 31.7 lac ha. 
Among major irrigation and drinking 
water sources are rivers, reservoirs, 
wells, tanks and canals. In low rainfall 



areas of arid and semi arid regions, 
water is stored in traditional 'Bawadies', 
farm ponds, Diggies etc. The fast 
deteriorating situation with regard to 
ground water availability is depicted 
from the table given below which is self 
explanatory. Excessive dependence on 
dwindling ground water resources now 
need its optimum utilization and 
sincere efforts to artificially recharge it 
urgently. 

* Complete ground water exploitation x 
100 Ne annual ground water 
availability 

Note : Tara Nagar block of Churu 

district is completely saline. 

Comand Area Development and 

Judicious Use Of Water. 

Breif review of status of command area 

development for Rajasthan is 

summarized below: 

(i) Total cultivable agriculture land 
257 lac ha. 

(ii) Out of total potential for 
irrigation development in 55 lac 
ha, an area of 3 1 .66 lac ha has so 
far been covered. 

(iii) Out of total 4969 irrigation 
project, big and medium are 
109 small irrigation project are 
486. 

(iv) There is complete lack of sense 
of belonging, responsibility and 
awarness among the masses 
towards importance of water. 
Though efforts have been 
initiated in this direction by 
forming Water Users 
Association (WUA) and 
gradually giving them desired 
responsibilities in Canal 
Command Areas. 

(v) Prevalance of traditional 
wasteful method of irrigation 
method of irrigation through 
making causes misuse and 
wastage of water. ■ 



MODEL OF RWH IN JAIPUR 




Construction of roof top rain water 
harvesting structure was done to recharge 
ground water all the residence of Mr. O.P. 
Mathur, Sector- 1, House No. 1301 Malviya 
Nagar, Jaipur 302017 during the year 2005. 
As per guidance provided by Groundwater 
Department, Jaipur, Filter pit of 1 .0 (length) x 
1.0m x 1.5 (depth), collection tank (1.0m x 
1.5m x 1.5m) and 100mm diameter borehole 
upto a depth of 50m where ground water level 
arrived were constructed. Cement rings upto 
a depth fo 10m were installed so that sand 
from the sides does not choke the passage of 
water entry. Round gravels were filled into 
fileter pit around recharging holes. Rainwater 
from roof top was brought dorwn through 
HD pipes of 15cm diameter and carried upto 
filter pit. G.I. Pipe was also fitted as Air Vent. 
The entire installation costed about Rs. 
11000/-. The cost can be substantially 
reduced by Rs. 3000/- to 5000/- if a common 
bore is dug between two or more houses. It is 
recommended that all houses whether big or 
small and new or old must have the structure. 
Government may consider provision of some 
subsidy as an incentive for its quick and wide 
adaptation. Thus all the roof tops will 
become water collection structures with no 
percolation losses and help in boosting up 
much needed ground water recharging. g 



*(Author is Retd. Jt. Director Agriculture 
Govt, of Raj.) 
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c?T^ ^TTeT cjft 
*TRJ*T STTfa ^ 
TtvJT 3?y^ft cTTcff 
c£ ^R cfc 

<JTfR ^f?T^ *R 
tc3 vJTT?ft 3?1^ 

?^ft, en?T ^IT 
^cl Rlcblel f^R 
*R 3 *R yrft *RcJR eIRft §^ 3ft^ff 




^ ^t£-en| cRf^Tt 3 T TT^I *R cJR 
^I<ft f I cT?3RTeT ^ ^ cJR 3n^RT cj> 
^TRT TJcJJ Tfjcf cf^r ^ eft efT^ cjft 

fvjJ^cJT^ \3^ft *R aft | TtvrT ^efi? ?TFT 
fid^e^^^^^RclRelRft'TT^^ 

eftecn, qicr if ^rrft c^, ^ ^r ermi 

^jpcl , TJcJ? ^TST if *nfi TRft , f^R *R cb el *l 
^TT^R I 3TT$ft fuF^ft, feP? ypft 

cm ??TvJTFT cJR% if^f ffcft 3?R 3m ypft 
^R^TT 3Rcfft 3TTcT?T 3 3f*TR ^ f I cjsft 




cjft | 15-20 sfftct vWHcjft 3?M cj> 3TTft ^ 
eft vJTRft , ctfc^R vJf 6f v^Ff cf^ ^ft v^Rjft 
*TT ^ ^ftft ?ft ^ ^fR ^ ^^ft I 

^3RTef W f^T # vWdft *TT 3T*Fft 
^TT^ ftf^TT ?TTf^ cjft 3Tc£eTT SFfecJR ^^R 

*TT cf^T ^ |? ?ft ^ ^RTKft | ' ypft *R^t 
^ I, ^ ergcT ^ cJTet cgq Tt?..., 
^TvJRSJH cfe *R?jg? fuTe^ cjft 
d^ftel cj> efTe^ ^TTcj cjft <J^ ^TTfcT 
3m STRcIT c£ 3 73 ^Tef cjft ^ 
ctf^FT STTZJcI ^ ftc^ v^Tcfft qpft cjft elefcf> 
3?ft ^ ^ ^?*T f^R *R ^ *TT c£ 
eft^% cfTT ??TvJn^ ?T>ft ?ft T^R^R feecft ^ 

^^§q^R^i24^*r^^^pft^§q ^ft 



WRft f feP? vJTRjft 3ff^ ? ^FTTft 

^FTTcR WTTt 3 3ft^ ^TTft cfTf ^TfRT 
R^dl eRTRTT 1 1 ^nicf-^rTTcf Tf Zf^ R^dl 
ft^TRft T%en3ft cf>t xn^ft f%i?TT ^ f^T 
5^TR^ vJTT 1 1 cf^f 2005 3 

Tf^fta Tf^en 3TPTt^T ^ Water and 
Women Ot4<f> ^ qcp f^rt^ ycfnf^i?T cjft 

aft I 242 g^cjf cjft ^TT f^Tt^ ^ eRTRTT | 
^Tpft ^TT^ c^^T cjft *Tf%cTT3fi c^ f%RR 

cm fc^zr ^ftl^^^Rc^^q^^ft 

Tf^en3ff c^ cf>pf cJ?T qcj? 6jg?T f^*TT ^ 
^ cJR ^Mdl 1 1 TJcf> ^TPft cfc feP? 

^ eft "cTeRT 1 3?!^ 
^ ^TeRT fc^T 3 cj^ cJR ^ |l 

3ffc^g1 gmftcj, ijfcM cjRt^ 



TfcelT fc^cf^T cm f^^T ^tfN eTRt ^ Ft?TT 
1 1 3TfR MW&V ^JHdH 

^Ic^lf^l 1031>i6|^)M^^3Tf^cJ>Ft^ftt I 

^^35 eiraf^r«1, 1 eTT^I16 
^vjTR qT^I vjfcT RdN«u| ^gfc^^T c^ felXJ f 
cT^TT 3RT^T WWTO ^TeWt?T ^ c^ 
^Tcr^TcT Trf^elTq ^-1^ eft^T feP? 
^c3cf^ft^R3n^f I «R^^ vJTef cJ>T^R 
pR?R^Ic3?n viTT^Tt, chKU| vj^^ 

^^Hi^?nt3ft^f^c>^rin^ftcFtf^R 

^R 3ft^ cj>^ TR ^tcJR ift eft ^TeRft f I 
^TvjR8JH A efWl IR *R $ Tf^eTTq ^ 
^Tpft eTT^, 3ft^ qpft ^ vp£ efTclft 

cTTpfi cf)T fuT'TT v?c5T?ft f I ^pft eJT^ cfc fen? 
fc^TT W^WTvJ^^rR^T^Rslelcll^ 
cJR?nt I TJFft cm?TFT c>^^elcf[f | 

TTcf> 3T«7^R cfe 3T^T^ ^TR?T cf> 
TIPftxiT ^ff ^ft TTfBenxj yf^f 14 ^vjTR 
f^eft^ftcR ^Hech^ft f | RchKH^ftef ^?ft ^ 
yfrM 40 3Rc7 ^ cm ^ft ^TT ^TPft cjft 
?Ten?T 3 cprfcT ^ vjTKTT 1 1 ^ 3TT^, f^R, 
cjj^ 3TOc7T cfTFT^ IR 40 cftcR ?TcJ? qT^ft 
^tcJR fc^?T c^ 8-10 ^ ?Tcp cm|f ?jq 3 #rt 
^ ^TeRft f | yf^T 9-10 fcW^ftc^ cjft 

^rrai?fFTFT 41 +h i R^l cj^t ^ff?rr c^ftf i 

^TTun cf> f^TR ^ ^TRcJlRch 

c^ 3TTcm| eRTT^ f ^Ri||U|T cjft 80 
yf^T?T *Tf%eTT3ft cjft Rh^^iJ cm 3imR c i4 
3r*T I ^Tpft cTRT I ^'Tf^eTTq cJJTT^ cjrq 10 
?ftcR elcJR 6.25 fc^eftiftc3^ ^ cjft 

vjT yT^ft feTq cRJ cJT^ft f | TTpft *R^ 
fe^ uTT^ TFT^T v^Tcf> ^Teft eRf^Tt cm cfviFT 
5.9 fc^.TTT. Ft?TT t 3^^ eftclct ^FRT ^ 
cT^R 3ftTRR 24.4 fcWftlFFf ^t?n |l 
^^ft^qc^TTf^eTT 

3ft^T?R 23 yf^fc^T ^R?ft f I ^fft 

^T^TT TO^, ^ cjft 3TTcT^TcjKn ^ elcJR 

y^j3ft cj>t Rieii^i ?Tcj) cmypft^t?nt i yrft 

cm TJcJJ cRf^T eJFt ^ 3ft W^T 6 f^TTC cm 
^FPT eFT?nt I ^TFft^cm^TiTpft'^R^ : ft 
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1 38 fitTC cfR<ft % I ?Tf TFf>R ^JvjTTRT 
cfc eHKHcb^T foci c??t TTf^elTxj cftf cfc 2190 
3TT^ f^R ^ ^Tpft eft ^TFR eTfct §XJ 

eft *TFft eft ?feTRT 3 ^ ^TTcT eHlldK 
^TTft ^1 1 1 ^ 3fft 3TcfHef eft *TR ^ ef 
^ 3Tf^cf>T^T S^ff 3 *Tpft cfc feP? ^ 
cbdkdH SR 75 yf^T?T Tfocnsfi eft 
pRf% 1 1 ^ cT^TT^ql eft |ir 

ifFft^ Tfocnsfi ^ vjfef ?mfct eft afft 

3T^Jcf >H4>cldl *ft fret I vjfef ?ftfa eft 
3PJ3TT ^cl cfToft *Tf^cTT3fi ^ W*RR?f 
^RTvjf eft tTT^cTT^ effa cFR T*^ft 
^^f^ft ^ vrf^TcFR R^slWI 3?ft ef vJR tR<ft 

Wf^ajfl 

TfvyRSJFf cfc cfR^oft fact cfc 
^sfrcfoft ^cf cf?t ^tcfl cfc Tfjcf cTTeTTef 

cm g^r ^ cjRrt $ i TTfocnsfi 

3 #^TT fcfc F*T cf^ff cfR ^Rf>ct ? 3fft 
v^Ft3 vJTeT TflcT cfc q rft ^ 3T*Ft *R eft ?rE5T 
^R^T eft ?ft *TR cfc qrft ^ er| 3R^ ?rftcfc Tt 

wt ^ ^femft i TTf^enaff eft zfF 

efRT effc eft ?RF ^ I v^Ft^ TJcfJ ^fifft 
cf>^ ddl$if| eRFf cJTT tfc^feTf fc^RT I 3?ft 
ef^^TT, ^cffcftcl cfTcft ^fl?cn3ri ^ 

vjR rTR ddl^l iRT oft ?ft Tcff cfc gF ifcT 
Ft^l 

^JvjRRT cfc cmcR?Tr?T ^ffcT eft 
eft ^f ^ 3T*nft ^ ?RF cm ^fcl^KH T*n I 
TTQ> Wcffa 3 c7^ cR^ft f F*Tf^ ?eTT cfc 
3 qpft *?t ^RT^ eT^I ^FTTZTT 1 1 qpft | ?ft 



eft ui^yd 1 1 ^eft e^T ^ fc?Hd fc^IT^ 3^^ 
f ^H^c¥lcT>cT^cmc7>FT^ft^T lf^3T^ 
^ffcf eft 7 3ft^ Tf^eTT3rt cfc ^TT2J fJ)elcb>e ^ 
f <SH+<hI eft cftcf) fc^ZTT v?ft cT^r c^rf ^ «i>(|6| 

q# ^ i fuF# g^r ^cfcftcT) Tft ^tst 

eFTT^ ^ | Sjcft 3ft^ v^Tcft ^Trf^Rl ^ 
XJcp TTcft^ ^ ift 200 ^ vrlllcil f ^ qrqt eft 

arfzrfer^cM^Teft i 

W^T^ efTcft +lfc?ell3ff cfc feKJ ^Tift^T ^ 

gXJ TT«Tt eft ^^Hl ftr? efcf^T 
cf^TT I ^RT f\ ^I?RT 8TT I fc^g eft ^ 
?ft ^ vprt cfc fen? ^ f^JTeft sft | 

uTTcfR qfoenaft eft eT 3TTcfteR 
^ vjft^T I ^ft ^Tfc^T cm ^TcHKT vicil 0 ^U| 
^cft ^ cfc cmT eft cfe^ ^Ref c3 

^mvj^i^T^T ^ 3T?Rrr^ter ^r ^r m 0 ^hi 

3fT^ 3T?R^T^f ZT ^FTR ^ 3Tefcg?T 
fc^TTI 

^ra eft zr^ % fc)> *trct ^ ^T^ft cm 

^^fcf^RT 3TTcfteR Tfoenaft ^ ^f 
fc^TT 1 1 ^ Ifm mem Ft, cR^T 

*TR?T ^ cfc ^7Tq cmq cfR% cfTcft H^ell^ 
^f, cTfeuT *TR?T ^ qpft eft eT?T^ eT? ^ 
g^TFTT Ft, V5^l^ I «ft 3^TT Ft ^TT ^FjT^TT^T 

eft cmviftft tt^ i Tf^enart ^ arieft eR 

eft eTFT^ft 3T^ FT^T eft | ^ H^ell^ 
tft eT? ^f f ^Tt qpft cm ^ vft ^ cftF^T 
e?R f I eft cm eft eTT eft ifccf^f eft elcfR 
cfc^eT ^ *3RTT f^n eT ^FT ^ I ?^ft ycfjR 
fteTT^^3ftlTtf^^^eft^cfcfeil?MI'ft 
^ etfc)R vJlTt^ft cfc fepr cTRt^f effe^ 
qpft 1 1 ^ft eT?T^ eT?^ ^ Hfoeini TRr^ 



3TTTT f | 2003 ^ ^tc^t cneft 
^eTT^T cfc TTcf> c^cfccTR cfc fe» 
Tf^eTT3ft ^ vjft^eTR 3TT eft eR 
aft^^ef^ft^ I cpkui nJTT^IcTR 
cfc em^JT vJTeT^cR^ vSTT^FTSTT I 

faehft mi cfc ^ Tf^enart ^ 
arieft eR 3 *TF^nj°f ^rf^m 

^Tv5R8JR cfc 3TefcR f^Tet cfc 
TTvjffa TffcT eft 55 cftflzr cfAjft^f ^ 

e^3T ^ cf eft TTf^enart eft ^ 

^ ^T^ft eTT^ ^ fid-ft T^TcmKT 
cTR^ft q^^ft 1 1 v^Tcft T^^TFft 
e^^ cmJTt^f % TcTFRT ^#tf^ 
cTcncT eRPTT 3ft^ ^ ^ 
fu^qrq eHII^ eft Tflq eft | 
^R^^T fc^ft cJTfft vjT 7 ^ t u «H«H 
eRRT ^| c dl 2JT I cmrft^f ^ 3T^TPT cm 
v5RcfR f^ttf fc^TT 3?t^ eft ^ 

feRT I ZfF ^ftm ?T^ft g3TT vjfef ^fjcf Tf 
lu^rpq eFRT Ft ^RT I g^t sTTTF 
eFTRt vjTT ^ eTT^ft ^ cfF 

erfecp an^n^i cfc 12 ^ffeff ^ ^t-^t cjr 

Hfoell3ft eft TT-«lfSd fc^TT 3?t^ vjfef, vST^TeT, 
^^efc^cHXncfcfeilivi^^Rd(e>)i|| I 

*]R*cbl eft crfaTuT-Mf$^H 
^R ^ffcT rj clef ^TRef eft f^cTRft 60 c^ffzr 
cfTcft g^ % 3T*Ft ^ffcT eft ^Hjf% 3jfc 
?TWT^ eft^Tt ^f cMt I 70 cfc cTSTcf? ^ et cfR 80 
cfc cT^TcT) ?Tef? 3Tq^ ^ff c7 cfc in^ft ^ c^^ff 

o 

eft ^c3cT 3ft^ cm5f ^ ^ir eft^ft eft Tff eft ^ 
Mell^H cfT^ gxj I c?R eft eft TfTeJ^T 
f% ^ff cf eft ^gSTFT eft qpft cfc ^ cTFRf 
eftMt | cfF ?Ro^f ^R?f ^I^f ^ 3fft 
^^Tcft 3Tg3TT^ ^ 3 *M ^ 40 I?f^c3, 
vJftF^ 3ffr dlelNl cm f^Tf XJT §3TT I ^ 

^^^^w^vj^icji^^fc^aft^fc^zn i 

(^cTf) cfc ^TSf fJfefcTR "jft Hfoell3ft % vJf ef 
?mfct ^ 3PJcf zftqcTR fctzn I ^c7T eft TTcJ) 
c^chftchel cfN vJf ef TI^cHUf eft fct^TT ^ cmT 
cfR ^ f f f^f^ 108 Hfoefnj vg#f f I 
*T cfccfef vjfef q^f ^Rp cfc ^)*J Tff^eTnj 
^Tffteff 3fP)^mH^R^ftTfcen^^ff I 

3T*Ft 3RoT-^TR^T ^ cfc ^fSJ 
Tfoen^ft ^ vjfef TTtxrf ^^Tfef feRf |, 3?t^ 
?^fcfc >(HchK|c^ch qRtTfR ^ft fc^T^ c^t 
eRfll ■ 
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FTRT *TR?T 

#?iR ctf 3Tl7 
^R 3 ^fcfct 
ct^sTT vjTT?TT I I 
^Tcft, qcf?T, cR, 
3R^i, vSftcf-vjRJ 
3T T ef 

^k-f^Rcf ^r cfc ^ $ ?ft 1 1 
*TT??ft*r ^r>-cp c f>r \i\ ?t?f ^ 

^-g^T^T-?f^T^I-^jfc^ft ^R STTOTfof 
vjlHchl^ tfcfc^f. ^^RTcf 3T^cTR 

% ^cj-g^mi cm 3t«jzr f^zrr an i 

^TT cfct^ 5TR 3JT ^TT cfct^ ?f^T ^ t, vjft 
3 vjfecTfe?T Ft I 'HR^fta ^Rc^fct cfc 

<CTct XJcfJ 3TTTcRf cfc ?c^c^ 

JJcf7c5 ^ viTRft 1 1 q^T *TFnj?T ^TR^T 
f%RR WRT 3 Hc^tcI^ ?Tr*T 1 1 ^ ^^cR 
*T v5?q^T q^T *TFT?J?T |t TFR^T ^RTR cfc 
\3MlciH chKU| | f zfF WRT 3Tr^RT y^TTC^TT 

cfc ^ ^p?t ci^f ^ 3 ^ eTR ^ 1 1 

3T*nft ^Ref TFTT 3 sfcjeRftcITTT 
^^Tfkcfcf^Tf^Tcfci^HifteRn^t- 
fctrfct vjTcT MNch ^FPT I 
Wc\ ^f%RT *TF 3TCR ^rft^T I I 

anc^RT sfft **rg 1 1 ^M-^ %, ?r 

^TT'cff cfct *]|+4||cR«n cm TFT TRTR 3?ft 
f^FTTcR«TT cm TR ^ y eR 1 1 ?T yNt 3 
TJcfJ cm cgRd FtTT T^cjf? ^Rkichlll 
1 1 vJTel ?Tt*T ??RT ^TFfcP | v^fcfc 3% 
fcMt vifhTOT^ cfc viftcR ctf c^RT $ 
^ cf?t v3TT TTcfKft | ^Rjuf ^ WcT cfT^RT 3 
viTef ?T^T *R ?cRT f^RR f^TT viTT |, 
fa>Hc|5) vjqfeff^ ^R f^TR cfct H 2 0 
cfTcft WRT ^jTRt - el 1^1 cftf ^fif^ 
cfctT^TTcfcfiTT^Tf^ngr cl?[§^^?TFtcflt I 

cfcl xr«rt c^ ^idife^il g^r^l 1 1 ^i^?T 

^ 3T^RT cf qFTTf&r cf> 3^^^- 



f^rf^T '3TfRcfct^'^^Tefcfc27^^f&f?T 

I- 

3TTCT: 3lf3<n ciici(Q sfclcf cfxJTcT oiddi I 
^RI: cnlcilClcMdJcl' ofldd' ajclof c|o1<HII 
cbc|o%J<gc:Gb' RRJ: ytcbx! 4icfd1<lj&l<Hl 

3^ET^;W tlarxrWM (3TT^cf>^T-cITRcl^) 

vJTeT, ^R7, cfcfenef, 3PJ?T, ^cR, ^JcR, 
^R,cf)^J, v^cf>, qro, g^R, ^Rfcftg^, 
OT, ?fter, ^T^, aft^, 3Tfg, 
*tag*q cr ^=RTf ^ ^nft ^tr vJTer cfc ^ 
I, fuf^f 3TTtv^ ^ xjcfRT^r Water ^ 

vjTRT vjTKTT § I 

^ cTt ^ ^fe cfft cfi qfezTT 

cm vjft cfTjf^T f, cf^r 3TeR - 3TeR ?fficfcf 
eft eTTct cf)^ Tpft | - 3^ UcT CTJTjffet 
3T^rf?T v5^T ^R ^ ^ ^TeT cfct 

eRT^TT dcM^ld N 3T^T?f^ff cfctl cjj^^- 
ancm^TsTTg: ^mRf^T: 3T^^FT: 3TFT: 
gf^Tcftl 3T2Tf?T3Tcfcm?T^31lct>|^|^q^ 
-M^d cj|^qc^|^ | cng^3Tf^T c^vJ^qfrT 
I 3Tf^T ^ ^ v5Tef T\ epej 1 3n aft^ v5TeT ^R 
gfecftl gfsjeft cJTT v5Tef TR 3TTf^r?T Ft^TT 
3TT^f^cT) % ^nf^efct cfc TR ^ ^ft ^cftc^?T 1 1 
XJcf) 3T^FtT SRTffrRT) cT)2TT, vrft Hc<+i^>(|u| cf 
aftTT^T^ I c| d H c? ig^W cft^rt f\ 
f^^WK^mi I fvim^ ZfF cp^TT cf>fi 

^pftl ft> ^cRT3ft cm ^ %WcH 
T£Ecf\ cfct ^TTT% cfc feRf ^TT^TTef ^ ^ 
it\ WTR aft^ f^g ^ f^^TTcH cfct 
TRcJR gScft cfct uTef ^R g^T: ^f^TcT cfR 
feTT I 3R : v\ ef ^ gfsJ eft vJc<JH §^ f ^ 
?T«T cT^ yT^fN 1 1 ^fcj> TRT?R cfc 
c^cT - ^TRRUT cm ^TFTT^ f\ ^ 1 1 

^Rci>iy>eiui % - » 3 irat oirei ^f?r 

MWdr 3Tarf?T ^Tef cfct '^TRT' vjTKTT | 
3ft^ ^RT ^ | 3RR-^ f^RRm, ^ I 
^TRRT^T I ?TI ?RF ^ ^T^f% cfc g^T^cT 
fifag ft vJTef ^R 3TTf$RT 1 1 vrfcT ^ f^TT 
rfWR cfc^ ?ft cheMHI ^ft ^§ cfc^ v5n 

cjjfclcljelfclelch H^lcbf^ cmfeKTTT ^ 
?ft el cfc ^TTcTcf) c^^?T eRTcJR XJcT> 



^n^cm^J cfc^ TcRT ^ cFR ^ sft, vjft 
' *tacJ?T ' cfc ^fTTf ^ an v5T ?TcP ^nf^T cfc 
TO 3 ^pf cfc MR vjqR«R 1 1 cmfcTCRT 

eTTcier cfct gq, arf^r, >5Te[ aft^ cng cm ^np 
c^f i^nar^^cfctf^cr^eRT^I:- 

CjOT«reiMa««ifeici<riocii «i(o«nMicf: cfcf 
^Ta^2TT2lf: cKIMc^cb^Ul: yifOlf^f: LJIMulldJI I 
^oUlo»jcKJ|c;MRc)|U|o1 «Jj^|cb^<f £J£J|c| 
cdi<mici( ^wtcicoMun^^cicniS^cicrl^i | 

1 1 sFkW^RdHH*! eft WR cfct ^T5^R 
vJTT^ viTeT ^R^ cfct guff cm 

cf^ftl- 

f^Rfe f^Frfct v5Tef ^Rf^ ^TefTcTT I 
f^fft xic^yu| xivj\Ji-i ancfT I I 

oTer ycjyur effr cfc 
y^n^ff cm ^ ?f^FRr ^ enjf^ 1 1 

aft^FT TFvjTT Ft^ cfc cfJcT TR^ ^R 
^ft ^R^TT c?R^ | uTFT ^ft-g^fi cfc RR 
cfc fen? f*RT-f*RT ^«Tr1 ^R ^TTcfi 
^PR«nf I v5TFTfeRfr^TRc^ft|- 
'cTFT g^ ^§ cfRf% ^RRT I 

m^m cfc 

3Tg^ vJTFT TRcf ^TR cfR^ | ZTT f^R 
dlelicTl cm^Tpft^f , cfFr^T^^t^TT^ I 

Sftcfpor sTRT cmfeRRFT cfct ^ 
^f^cmeTcfRTTg^cfcfc^FTT^ 
^TeT cm TRfteR ^ I 3RT9TT cmfeRf ?fc 

^rg^TT ^ ^ y^T an ?ranft aftc^JT 

^Tef cfct cJ^t?T Ft^ c^TT rTTF^ ^ | 3R: 
aftc^JT sTTRT AigHl^lltR cfccfef eften-TTT^T 
fl |, 3?faj cfF XJcf> ^F^T |, vrft v5Tef 
cj?[ x-qrtpdl cmaTf^nTT^TxHelidlt I 

3T?T cfc ^^Zfcmeft^T *rfc>dchM ^ 
§1? ^cR-c^fc) ^#FTcTRT cfc TTcf> cft# cfct 

y^dct^edif- 



(c^^cfj ^ft eTTeT ?TR^ft ^T^T ^^?T 
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D.D. OZHA 



With the 
increase in 
populatin and 
revolutionary 
development in 
the field of 
agriculture and 
industrial 
sectors, 
requirement of 
water has 
drastically increased in our country 
Consequence of rising demand of 
water has rapidly decreased its 
quantity and deteriorated the quality, 
thereby requires its judicious use and 
reuse. It has been seriously observed 
that most of the filtered water in our 
country is being wasted in our routine 
life owing to lack of water education 
and non-conservation of rain water. 
Voluntary organizatins can play a 
significant role in the coming years for 
the management of this scarece and 
vital resource. Since they work at grass 
root level and established their 
creditability with the people of the 
area, thus with the help of experts, they 
can educate the common man and 
farmers about the water availability 
and judicious management and also 
acts as catalyst between the users and 
the Government for implementing 
policies for sustainable development. 

INTRODUCTION 

Water is a key to life because 
every living cell is a water dependent 
and water sustained. During pre- 
independence period, there was no 
shortage of water resources and people 
use to manage the resources 
considering this as part of the nature 
which is essential for their survival. 
This could be seen in people living in 
desert which have evinced an adirable 
sense to harness water whatever 
quantity they receive by the dint of 
rains of wathever they are able to 




It is now demand of an hour that if 

we don not conserve the vital 
source then we endanger the very 
natural life cycle on the planet. The 
gravity of the problem of scarcity of 
water in general and drinking water 
in particular is borne out largely 
from the over exploitation of 
groundwater. 



1. Scientist & Vice Chairman, 
IWWA, Jodhpur Centre 

2. Chief Engieer, Ground Water 
Department, Jodhpur. draw 
from under ground sources. 
With the advent of modern 
technology like hybrid seeds, 
chemical fertilizers, western 
sanitary systemand modern 
luxurious living habits of 
people, the water demand took a 
quantum jump. Much of the 
domestic water requirement is 
consumed for sanitary purpose 
than cooking and washing. Tank 
irrigation which is in vogue is 
becoming lesser and lesser with 
the bigger irrigation projets 
coming up. there is also change 
in the cropping pattern which 
requires more water. 

It is now demand of an hour 
that if we don not conserve the vital 
source then we endanger the very 
natural life cycle on the planet. The 
gravity of the problem of scarcity of 
water in general and drinking water in 
particular is borne out largely from the 
over exploitation of ground water, 
source then we endanger the very 



natural life cycle on the planet. The 
gravity of the problem of scarcity of 
water in general and drinking water in 
particular is borne out largely from the 
over exploitation of ground water. 

Recently there is a shift in the 
Government policy wherein it 
emphasis on participatory principles, 
bottomup approaches, decentralized 
planning and decision making in the 
context of natural resources 
management. In this new approach, 
great emphasis is being laid on 
reinforcing local efforts enhancing 
local managerial and orgnisational 
capabilities and building upon 
indigenous skills, knowledge and 
inventiveness. Peoples participation 
holds the key to the success of 
planning, development and 
management. Here participation 
means creating awareness and 
complete involvement in planning and 
execution. Voluntary organizations 
plays role in educating the people for 
managing this scarce and vital 
resource. 

1 . Water Resource : 

Our country is blessed with an 
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average annual rainfall of 1170 mm. 
Varying from 100 mm in the Western 
Rajasthan to more than 1 1 ,000 mm in 
Meghalaya. One third of the country is 
drought prone and one eight of the 
country if flood prone. The total 
amount of rainfall estimated to be of 
the order of 400 mham.The available 
surface water resource is estimated to 
be 180 mham out of which only 80 
mham could be harnessed to create an 
irrigation potential of 76 mham. It is 
obvious that since water resources are 
not distributed over the country owing 
to varying hydrogeological and 
dhydrometerological conditions, there 
is an over exploitation of this resource 
in many parts of the country leading to 
disastrous situations viz. drying of 
wells, deterioration of ground water 
quality, sea water intrusions into 
coastal aquifers, salinisation of soils 
affecting productivity of agricultural 
production and high energy 
consumption to lift water from greater 
depths. 

2. Necessity of community 
participation: 

Due to accelerated growth in 
population and the very high rate of 
migration of rural population to urban 
centers, the water supply systems of all 
the cities and town requires to be 
continuously augmented. This 
naturally leads to tapping distant 
additional sources and transporting, 
processing and distributing water from 
thee to mitigate the demands of 
increasing population which inturn 
involves large capital investment. It has 
been now realized 1 that the objective of 
supplying safe water cannot be 
achieved unless community is 
mobilized to manage the water system. 
Government programmes for water 
cannot fructify unless the community 
is mobilized to, won and sustain these 
programme and to become an active 
partner in their promotion. This calls 
for intensified efforts for brining about 
attitudinal changes in the people, 
leading to change in their habits and 
practices. Thus the need of people's 
participation was realized, 
leading to change in their habits and 
practices. Thus the need of people's 
participation was realized. 

Community participation 



represents awareness of the people to 
do something, the way, they want, or 
to influence the activity, this is not a 
new concept as such. Till the period 
just after independence, certain works 
were being carried out jointly. 
Activites like digging a public wel, 
constructing building for the 
school/local body, emptying the well 
for cleaning, fire fighting or even night 
watch to protect against robbery etc. 
were successful, only because of joint 
efforts and participation and sense of 
fraternity was the driving force. 

Earlier voluntary 
organizations which are charitable 
trusts or welfare oriented 
organizations in the country were 
giving priority to health, education, 
women and child welfare and animal 
husbandry. It is only during the last 
two decades, the country is facing the 
water shortage and most of the 
voluntary organizations have included 
water management in their activities. 
For Planning and execution of water 
management project there is need of 
interest among the people. Ground 
water management could be effective 
if we follow various Information, 
Education, communication activities. 
These will automatically involve the 
community to actively participate in 
the ongoing programme. 

Mandatory steps of water 
management Following are the 
possible mandatory steps for water 
management. 

(a) Constitution of Pani Panachayat 
Pani Panchayat or Watson 
Committee, constituted by 
village panchayat / Gram Sabha, 
comprises members of the gram 
sabha or leaders of the 
village/hamplets. The village 
panchayat must take initiative to 
organise campaigns to create 
awareness about the importance 
of safe water supply. Periodic 
meeting of the committee be 
organized by PRI's, which can 
prepare plan of action for safe 
drinking water supply, 
prepare plan of action for safe 
drinking water supply. 

(b) Water Use Policy Today, need of 
hour is a proper land and water 
use policy, which has been a 
target subject of National Water 



Policy of year 1 998. As a result of 

over exploitation of ground 
water through various means and 
allied causative factors there is a 
great damage to the aquifers and 
its related systems. Therefore, 
what one need is a strict audit of 
water for its various uses, viz. 
industrial, agriculture and 
domestic. The water use policy 
should take into consideration 
climatic and cultural conditions of 
the state and should influence 
decision making pattern of 
various state Govt, departments. 
Some of these aspects are as 
follows. 

1. Discourage cultivation of high 
water consuming crops in semi 
arid and arid areas, even if those 
areas are under command system. 
As these crops disturb not only the 
ecosystem of the arid region but 
also damage equilibrium of the 
soil strata an the aquifers in the 
regions. 

2. Micro-environment of the region 
is affected due to dampness 
caused by presence of excessive 
water this led to poor germination 
percentage. 

3. Industries should not be allowed 
to use water more than its optimal 
needs. Excessive use leads to 
discharge of more polluted water 
than necessary. 

Water Education for Waste Water 
Control 

It has been oserved that to a 
large scale the problem of water 
scaracity is an outcome of water being 
supplied to human population 
through regularly operated supply 
system. With this network having got 
enlarged and further getting enlarged 
the use of water has gone up manifold. 
We valued water in the past as it used 
to be fetched and carried from long 
distances. But now it is available in the 
dwelling units of families and people 
tend to use it more and more. In our 
country the loss of treated water 
through leaks in water distributions 
systems may, at a conservation 
estimate, amount to 10 billion cum per 
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year costing over 500 million to the 
nation. 

Enlarged and further getting 
enlarged the use of water has gone up 
manifold. We valued water in the past 
as it used to be fetched and carried from 
long distances. But now it is available 
in the dwelling units of families and 
people tend to use it more and more. In 
our country the loss of treated water 
through leaks in water distributions 
systems may, at a conservation 
estimate, amount to 10 billion cum per 
year costing over 500 million to the 
nation. 

Water waste may be caused 
due to leakages from service reservoirs 
and treatment units of water works, 
water mains due to corrosion, fracture, 
faulty joints, ferole connection etc. and 
service pipe fitting inside the 
consumer's premises due to joints 
corrosion, faulty washers in glands in 
valves and taps Another important 
source of waste is in intermittent 
systems, particularly where metering is 
not enforced, is the tendency of the 
house holder to keep the taps open 
throughout also discarding stored 
water to be replaced by fresh water. 
Therefore, it has been experienced that 
if water education be given to school 
going children through lectures, 
posters, essay competitions or 
mentioning chapters on water in their 
usual course book. Then certainly it 
will have impact on the rational use of 
water. Author (DDO) has practically 
performed this experiment in 10-20 
schools of Jodhpur by delivering 
lectures using audio-visual aids and 
obtained encouraging results for the 
conservation of this vital resource. 

It Table 1 suggestive measures 
are given to avoid wastage of water in 
routine life. 

Table 1 Suggestive measures 
of Waste water Control in routine life. 
A perusal of Table- 1 reveals that by 
cultivating aforesaid water 
conservation habits, we can save large 
quantity of wastage of water. 

Water management in Desert 
area 

The desert parts of Rajasthan 
are less blessed with monsoon, thus 
water harvesting is deeply rooted in its 
social fabric. In desert area the names 



Activity 


Routine method 


Quantity 
used in its 


Suggestive 
Mehtod 


Quantity 
req. in 
Ltr 


Quantity 
wasted in 
Lts. 


1. 


Brusing Teeth 


Running tap for 5 
mts. 


45 


Tumbler or 
Lotha 


1 


44 


2. 


Washing 
hands 


Running tap for 2 
mts 


15 


Half open 
tap 


2 


12 


3. 


Shaving 


Running tap for 2 
mts 


15 


Shaving 
mug 


0.5 


14.50 


4. 


Shower 


Letting shower 
run while soaping 
staying under 
shower for too 
longer period 


90 


Using 
buckets 


20 


70 


5. 


Flushing 
toilet 


Using old fashion 


15 or more 


Dual 

system 

short 


5 


10 


6. 


Watering 
plants 


Running hose for 
5mts 


120 


Water cane 


5 


115 


7. 


Washing 
floor 


Running hose for 
5 mts 


120 


Mug & 
Bucket 


18 


102 


8. 


Washing Car 


Running hose for 
10 mts 


240 


Twoor three 
buckets 


45 


195 



of water body are Nadi, Jhalra, Talab, 
Johad, Bandh, Sagar, Samand, Sarovar 
and Sar. These water places are also 
associated with mythology and 
religion. Water is such a scarce 
commodity in the state that nay natural 
source of water is naturally 
worshipped and most of the water 
resources have become pilgrimage 
centers in the state. 

are less blessed with monsoon, thus 
water harvesting is deeply rooted in its 
social fabric. In desert area the names 
of water body are Nadi, Jhalra, Talab, 
Johad, Bandh, Sagar, Samand, Sarovar 
and Sar. These water places are also 
associated with mythology and 
religion. Water is such a scarce 
commodity in the state that nay natural 
source of water is naturally 
worshipped and most of the water 
resources have become pilgrimage 
centers in the state. 

In the desertic zone many 
NGO's are doing instrumental work in 



conserving water by constructing small 
structures like check., dams, anicuts, 
gully plugs on existing nallahs, drains 
and have been tapping surface runoff. 
These structures have been successful 
in the community as they provide water 
for immediate use like drinding and 
irrigation etc. and also recharging 
ground water simultaneously, 
and irrigation etc. and also recharging 
ground water simultaneously. 

CONCLUSION 

Water resources of the 
country are dwindling due to 
mismanagement, community 
participation's having expertise and 
due creditability in the area can play a 
significant role in the coming years in 
managing this scarce and vital 
resource, by educating common 
consumers and farmers and acting as 
catalyst between the users and 
Governent agencies in implementing 
the policies and projects for sustainable 
development. ■ 

(Author's are Scientists in CGWB, Jodhpur) 
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3Tf^FT ^ft cj¥t ^TT ^TPjf^cp xTcrf 3 3TFT TT»ft cm 



*ft ^O^O'll Rl^W^- ^3RJcT ^TT^ *T^T 
TTTft^RW, -lcpel^3TT?JTf^T v^tcR v#^c|¥t 
cf> cfTRUT *J<MH §^ 1 1 ^TR^ta TRc£f?t 
^ vjfeT, vjRcT, vJTRcR 3ft? vjpffa cfc TRiHUT ^R 
WeT f^IT f I ^?ftfcP? ^ ^vJff cfc 

*R 3 t^T 2TT yef^fet ^rrft ?pft 

3im^cpai3ff cfjf TJ^T cJR^ cm TTR2z[ ?^ft 
1 1 crf^R c|MKc||^ cfc ^Tcft cfc 
cm 3raT$J£T ^t^T ^ eRT, fcNHcbl ^Rotr 
vjfeT, TO, UTRcR, vjpffr <£ TTT2J uftcR 
cFt tft gZTTvjT Tff^d TjefrRT ^ 1 1 ^R T^ft 

^TcR«n cm f^rn *r *ttj f vjft ^TT^fTTf^ 

v^Tl^^lRl^l" eft prftt v3cmTh f 3ft? ojrfc>d J ld 
vjflcJH ^^^cfcnf^W^^Ri^ftf^Tft 

crcg cm 3nftft?T vJWt^T cjr^ ^frj tjoT 

uTTrl f f% ^TRm ^TT TTTO cn?TTcR u T cf>TTT 
3TTR ?|?T f I |?T cT cfc f^ft 3 ft sTTft cf>f ^ 
3TTcm?T efft sftvJTfa q??T 3 epgT ^ *ft% wr 

cf^ |i ^ft cf> cm^JT ^ cri?) Tctf^Rrtf 
R^ei05>j ?rg^ cm t^r w^t ?# f 3ft? ^rrfl 

3ft? *ft?R ^Tpf> elcid^ cRT f 1^ ?ft^RT ift^TT 
f% |R c^TT viftcR vtfft vjft PTc^f^ cj> 3T^c^eT 

W5fl cFfcT^rem - vJTeT c# vrft *#*TT 

ftf^f,, g^Tufi, ^xrf^^f ^f?l*iRicb 

^|feffWi ^ cjft 1 1 vjfeT cf^ t^^T 

c^ feT^ 3PJ?T cf^T ^FTT f I ^cmsl gf^ZTT 3ft^ 
^ ^ I f^H*f vjfeT c^ T^cl cm cpjf ^ f%ZTT 

w 1 1 cm ?ft ^ift I 

ctfc^FT Trcf, eTTcT ^ cf^RT ^T^n *TR?f 

c^ft sjfft ^frft cm f i *rrc?r cm ^¥1 ^ 

cf^aft^^TTc^^R^Ic^TFT^ I 

iftO HHl^y chld>ei- ^TO *R?T ^ vjTFFTT 

c2jcR«n3fi cm ^r^ftuR fcfr^r ncf?R f^rr 

^TO ^\ WcT) - ^3Rlor ^TT^T g^TcT^T 
W^RTI? TTTcT c^ ftcmrr ^ §^ f I *TR^ 

^jcR«n ^ ^ 1 1 cfk^Tei ?fter tt^tt^ ^ 

^ TTT^ ftcmTT c^ d^r 4 ^ft *TR^ 
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tRtRT cf^ 3FRT^ gX^ jfjTT RjchKH c^ 3Tf^^cT 
n^ftnrf I fcR^ ^cT 3ft? ^ cFt cfc^ ^ 



cn?Tt cm r^n ? i 

^TTcJ c^ TRJER cf^t ^r?f$R cfR^ cTSTT v3-|cfl ^?eT 
^ f f TTW cmzff cf^t cfR^ c^ feH? 

srrgf^cj) ^ft^naff 3ft? deb cm tf\ tt^t^t 

feRTI 

nto hhI^ cbicwi- y^rcn^ ^Tc^ uft, 

eRRT f% f%^r cR^ ^ Rl^c^C f^Tet 80 ^TTcff 
A cfhcjillel ^ft^I ^R8JR % ^TR^t^T ^R^T c^ 

GT^^Riii+ifcicpiTrcf^TrTcm^cf^f^^iqi | 3pt 

^ vjft^cR Tpf cfTt 3n^ft-?I cfR?n ^ 
^^^Rc^TTf^a^STCFfterR^sf I 

^ft v5frt?cR Tpf- TTpft c^ ^§T^T ^TRT 

cTt[ ^ 3TT^f^cf7 n^TTcft ^ aft, ?R ^ft ^TT^ 
TJ^vJT *Tpft cm TT^cHUT cfj^ cjft cfjeTT vJTR^ ^ I 
^^^cJdMI^I^TRcHUT^W^aft^^Tftg^ 
^eT^Wtf^?T^^?RT|,^^^3S^ 
?r?TRl efft f^Rm^ ^ I ^ MM cfc 
TT^cHUT c^ fefXJ ^ ^ # cjft uR^R?T 

1 1 angftcfj TTTn^ cm ^Rft^ cfR ^ uTef 

^cHUT cf^ T^cl £^TT Ft^TT cR^TT vJTeT 
^TTT c^ c|ft *rif^ ^?TT vjTTXPTT 3ft? IF! ^ 

y? cm^^ *tt i xjcfj eTR ^ f^wm ^ 

056^11 ^lodl ^ f% ^tt^ X TR7 ^TT^ 6R cjft 
3Tfi^T f ^Wm ^ vjfeT TT^cHUT cfc 

cft^r^cfj^^xnf^i 



pfto HHl^ cmeRT- ^?¥t ^raefT cf>t 3TF! ef^T^ 
§^ ^ ftcmTT 3TKRR TT?«n^T, vjRtj? c^ 
nf%f%f& rftO T^RO XJTTO ?Tcft^ effr 3T^Fft ^R 
cf?^ feH? 3TRf%cT cfRcTT ^ I 

ftcmrr cift 3TcjyT?uTT cm vrft ?r f%zn t, ^ 

cf?ftt cb TTTTT^Fft c^ ^t^T 3n^nf^f f I ^TT 
STcTETRUTT c|ft ep^ cp+ivjflft ^ % f% ^ 

HTc^cfj TTTn^Rt c^ ^cj^T ^R 3TT«JTf^f ^ 
1 1 ^ 3TcjyRUTT envjiKcJK cjft uRcf? || 
^rfeTq ^ TPRT ^ ^ ^eT TRW ^ 
^^cm?T ^TRT | cft^ ftcmTT clft 3TciyT^n 
3TT^R cfTt cReRT ^^TT, TRT^T cf^ f^TT 
cTT eTT eftfecb cpf 3TT^ ^TT cm4 ^ ef ^RT 

3Ter cm^ efft^ cf^^TT, TTeTc^ TTT^ 

jffO HHl^V cmeRT- 3TeT ^ TTcff ^ ^RTeR A 
TTvjR^TT^ TRcm? eft 3TfctftcR wf^IcRT ^ft 
3T^^cR TJT^T cf^ 3TXT% ftrTR ^cf^ cfr^t c^ 
fen?3TRf^RT cfR^TT^I 

xl^l^ yf^I^UT cjft vJTTR?! 1 1 f^Rfi ^»ft 
TRW ^ ^ vrfeT ^t, WcR^T ^t, ^TT 



^ttc^ fen? TRcm? f^R cm^ ^rt 1 1 

eTPJcf^ TRmft | ^ vJTW ?Tcb ?cR 
^^TR^^, ^o^ein^T^cmT^iRia^ I 

y^gfrT : 3TuR RcJlcb>e 
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i _ ^IffSI + . 



^TOTcT WTffi it m 



MtW %TcT % 




*Ten^ ' W^l «f?P^ 3RfWT 
<IHT^ wtf, %^5RT 

% ^ mm, wm\®\ 

c^M^T ^R Tfe ^TFt ^vT 

srr.ift.TTmeT ark ^d^r ^^rg^ 



i'Mfl M HIP * * fnrtA *nt f* 11 



1* W r<. 
. ,, , •• I 

<ivf twit* t <ftn w; 

W< I.IJ^JI.BH iCt iB-T 
^tlJ.-H IS lir^iT if 

""I'll ilft-qjqtf * rt^t t * fifr* ^ felMt *4f«l ^ 

R ■Jt-'i ■ i ■ m -il ^rmfirr ^ hett ^ jgn, *, i ^ TT 1 ^ #|-*t»q* 

■r- '-n t^t ttt; nip j-.-j.rVj jbr -jrjr^ A fn *Bft^l 

tth t- -rr lrt Li T+rjfr «A ip ^ ft i ^T*^ *: inrT ^ 

amil *tvnTTr, 1 1 i^i* ut irA ifta «3 ^jn <!t » m Til 1 1 WW *# 

755™ *1 fl ™n urt im w ?n ft ttwm 4 we « 

y^'i *i VT 1« «flr^i m<» fc W^nrvpfl en.^ 

TtftT x^t 5n iuih.:" %r T*nr ^mi T t* °* *» imn wtit 1 

n -i" fi »'f; r- 1:1 twi 1 xiyi in- 3f 1:^n ^ nf^» 

*■ Tfl *r v« >k nil in* fc m ti T^rnr ^ ^ pi ?f«R hnn 4 

rf'U'l %1T 4 4hl lii : .hi ihp| f+ TC *M STfl 171 4 F^l jIF! 3; 




i* 



111^ TCTfi SmE\ 7 li - HIT !*M>-*4. 
i i rrr j-> •' *77 T--Tv"T^ 77" 

gri; rjft lr. HT^lfi, ^sa'fNI 

TTq >i T ^ ^ r =t :h, v •:■ 
r?TTTl| r %1Fm r 7cT * 



a^r 441111 Ttnt »4m nrrae 

^Utl^ 11'}, J-i^i-f 'THU »<**J.- 

jfos ff. UCT Tlrt, =m fltra 
tiI^TSFI TrrHtsflt t^5iw HJP* 
Si's. <i^?!(irr %XSetp 1 ^ 

%-*Ha"n -ij -=M^ *a= 

^rirai ^ ^ftJftl tret 



i STeff^r TAHITI l¥^t fll. 

■473 jpjni^ si i^nm, -?7a- fl 
^TTiT ^ir^'li ^ *t lift ^ l T ^< 
^ Tfi ujrfTr l c-il , t^'Vci ! : <i 



^^^-T-^^ 7 3™^^^^^ 
^S2?«S£! iiJS^ 1 ^?! i^*i»i!3!5 

SESSf,S2S£ 5* l,r **^^^ 



3?IafT& ^ ?I?t ^ # 
SIR ^ : 4ffiS<at!!4 

M^'* ^ fel ?P5iT^ f% " 5 ^ 7 f ?:, "s^ 7 . "^-^ & 

rTRTT5t^l 3f(TWR5l ^ *W$A ^F-t ^ «MM T i? 'J 37 '^^ 

^ xn^l i^l^if ars kh^1L*i ^ ~$fin 'tftiT* ^1 1 TH *TET~T ^ 

p-.rr||u ; 7^^| tfr^ fiHN^ tT^WRH i*-5f^t ^ 

ffj^lj feMFT % i r wm Wtf % * f^=n=! ^ ISmu 




Your Faith inspires us 



t>| .IPO* 
s!! | m^^^^M 
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£2™ m 1 







MjMchI [cl4lcM ^Tffrl^l 



3^TT yl^lchi 



( 1 ) TT5T 3TTTPT ( 2 ) 
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